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1.0 SYSTEM DESCRIPTION

1.1 INTRODUCTION

The ETI fiber optic data link is designed to transmit up to 92

channels of digitized analog data over a single optical fiber up to lengths

of I kilometer or more. A complete list of system specifications can

be found in Section 2.0. The data link is housed in two separate

chassis, labeled transmitter and receiver. The functions performed by

the transmitter are:

1) Digitizing of analog data

2) Multiplexing of data into a 12 Mbps Biphase-L bit stream

3) Modulating an LED or laser light source with the

digital bit stream

4) Transmitting the light over a fiber optic cable.

The receiver performs the following tasks:

1) Detecting the modulated light beam and retrieving the

12 Mbps bit stream

2) Demultiplexing the bit stream into the original data

channels

3) Converting the digital signals back to analog data.

Outputs are provided on the receiver which allow access to the

digitized data. The data are provided on four output lines, each

having a 3 Mbps NRZ-L serial bit stream. A 3 MHZ clock signal is simultane-
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ously provided for external coding.

An optional computer interface card is described in Section 4.0.

1.2 SYSTEM COMPONENTS

In addition to power supply and line driver support circuits, the

data link is composed of six basic components:

1) Coder

2) Multiplexer

3) Fiber Optic Transmitter

4) Fiber Optic Receiver

5) Demultiplexer

6) Decoder

Each of these components will be described below.

1.2.1 Coder. There are 24 coder boards which are sectioned into four

groups in the transmitter chassis. These boards are interchangeable and

are positioned in the 24 chassis slots labeled IA through 4F. Each board

houses the circuitry for the analog conversion of four channels. The

input circuitry includes a voltage limiter for protection and a passive

filter for removing aliasing signals. Refer to Section 1.5 for a

discussion on input filtering. The analog to digital conversion is per-

formed by a coder microcircuit (DF331) which has a companding transfer

function that results in a 12 bit resolution at small signals with an

eight bit word. The conversion process generates a 3 Mbps eight-bit

serial data word which includes a sign bit. All digital data are gated

onto one of four data lines by appropriate sync timing pulses. The

maximum sampling rate for the codec chips is 16 KHz. This would

limit the maximum system bandwidth to about 5 KHz, but higher band-

widths (up to 20 Ki'z) are achieved by paralleling codec chips. This
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results in a reduction of total available channels. Refer to Section

3.4 for a detailed explanation of system bandwidth.

1.2.2 Multiplexer. There is one multiplexer board which accepts the

four 3 Mbps serial bit streams from the 24 coder boards and further

:aultiplexes them into one 12 Mbps serial bit stream. The bit stream

(NRZ-L format) is then combined with a 12 MHz clock to produce a

Manchester (Bi-phase L) encoded signal. The system clock is located

on this board and generates all sync pulses which are used for that

part of the multiplexing which is handled on the coder boards. Frame

sync is accomplished by a period of omission of the 12 MIz clock in

the Manchester encoded signal.

1.2.3 Fiber optic transmitter. The transmission of the encoded data

is accomplished by modulating the current through a Spectronics light

emitting diode (LED), using a Fibercom fiber optic emitter driver.

Optionally two fiber optic transmitters can be located in the transmitter

chassis which are operated in parallel; that is, both can transmit

simultaneously. However, since the two receivers cannot be operated

at the same time, the second transmitter and receiver are used as a

backup. Refer to the data sheets in Section 6.0 for more detailed

information on the transmitters. Other fiber optic transmitters can be

installed depending upon laser requirements.

1.2.4 Fiber optic receiver. The fiber optic receiver consists of a

silicon PIN photodiode, amplifier, and buffer output. The current

output of the photodiode is converted into a voltage and amplified.

The amplified voltage is then buffered to produce the 12 Mbps bit

stream at TTL signal levels. Opitonally two fiber optic receivers

can be located in the receiver chassis. However, they cannot be oper-

ated simultaneously and can be switch selectable. Refer to Section 6.0

for more details on the fiber optic receivers. Different fiber optic

receivers can be in! alled for varied requirements.
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1.2.5 Demultiplexer. The demultiplexer board is located in the receiv-

er chassis and performs the function of decoding the Manchester encod-

ed signal into NRZ-L formatted data and the 12 MHz clock. The clock

is then used to demultiplex the 12 Mbps signal into four 3 Mbps data

lines which are fed to appropriate decoder boards. In addition these four

lines are brought out to the receiver back panel for external access.

The absence of the 12 MHz clock during each frame is detected to provide

a frame sync pulse which is used along with the clock to generate indiv-

idual sync pulses used by the decoder boards.

1.2.6 Decoder. There are 24 decoder boards located in the receiver

chassis and, like the coder boards, are sectioned into four groups.

These boards are interchangeable and are positioned in the 24 chassis

slots labeled 1A through 4F. Each group receives one of the 3 Mbps

signal lines generated by the demultiplexer board. Each of the boards

contains circuitry for four individual channels. The conversion from

digital to analog data for each channel is performed by a codec chip

(DF334) and occurs during the time determined by the sync pulse for

that channel. The analog output is buffered through an operational

amplifer. The minimum conversion time which must be allowed for the

codec chips is 15 Psec which limits the maximum bandwidth of the

system to 20 KHz (64 KHz sampling rate). Refer to Section 3.4 for more

information on system bandwidth.

1.3 CHANNEL NOMENCLATURE

The analog channels are divided into four groups and numbered one

through four. Since there are a maximum of 92 channels available, there

are a maximum of 23 channels per group. Each group has six coder and

decoder boards devoted to it and are labeled A through F in each group.

Each circuit board contains four codec chips (DF331's for the coder

boards and DF334's for the decoder boards). The codec chips on each

board are labeled Ul through U4. Each channel is represented by the
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three symbol code:

GROUP-BOARD-CHIP.

For example, channel 2B4 corresponds to group 2, board B and chip

U4. The analog input and output BNC connectors on the back panels of

the transmitter and receiver are labeled with this representation.

1.4 DATA FORMAT

For purposes of multiplexing the data, the frame time, -which is

fixed at 62.5 psec,is subdivided into 24 equal Lime slots. This cor-

responds to the time between consecutive data samples of one 3 KHz

channel*. Twenty-three of the time slots are used for converLing

analog to digital data and vice versa, while the 24th is reserved for

signaling the end of the frame. To accomplish the A/D conversion of

all 92 channels, four channels aie converted simultaneously, one from

each group. For example, channels ICI, 2CI, 3C1 and 4CI are converted

simultaneously. That is, channels whose code representation differs

by only the group number are converted during the same time slot.

Each conversion results in a 3 14bps eight-bit serial data word with

the format shown in Figure 1. Bit one appears first in the code.

It should be noted that the Siliconix code chips include a zero

coue suppression in the A/D conversion to prevent transmission of an

all zeros digital output code. A detailed discussion of the digital

codes is given in Reference 5.a. Due to the companding nature of the

codec chips, the step size of the A/D and D/A conversion depends on

the analog voltage. Table I shows the corresponding step size versus

analog voltage for both the coder (DF331) and the decoder (DF334).

The frane time and sampling time are synonomous for 5 KHz operation.
However, for higher bandwidths where a channel is sampled more than once
during the Frame, these tiems are different.
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BIT 1 BIT 8

* j~~~~SIGNj I I jLS I

Figure 1. A/D Output Format

All the A/D output lines for a particular group are gated onto a

common bus line during their respective time slots. The format for

these four data lines is shown in Figure 2.

The four group data lines are further multiplexed onto one common

line by means of a shift register. One bit of the eight-bit data word

from each of the four group data lines is sumultaneously loaded into the

shift register. These four bits are then clocked out serially at 12

MHz, which is four times the rate at which the bits are loaded into

the register. They are clocked out in the order of group one through

four. Figure 2 demonstrates this multiplexing scheme for one data frame.

1.5 INPUT/OUTPUT FILTERING

1.5.1 Input filtering. Each coder board is equipped with input passive

filters to attenuate unwanted aliasing signals. There is a separate

filter for each of the three bandwidth ranges. Selection of the ap-

propriate filter is provided by the bandwidth selection switch discussed

in Section 3.4. The frequency response (or gain accuracy versus

frequency) of the system is strongly affected by these filters. Refer

to Section 2.0 on System Specifications for this unit. More sophisticated

filters can be used to achieve an arbitrarily flat response up to one

half the sampling frequency. A discussion on input filtering by

Siliconix is provided in Reference 5.d.

It should be noted that the input filters can be removed and re-
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placed by jumpers. This will eliminate pulse overshoot and provide a

flatter frequency response, but only at the expense of removing the

aliasing protection.

j 1.5.2 Output filtering. The analog output is filtered through a

passive RC network. The response of the system at frequencies near half

the sampling frequency can be improved by including a sinX/X output

filter. This type of filter can be implemented as either hardware or

software additions. Refer to the discussion on signal filtering by

Siliconix in Reference 5.d.
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2.0 SYSTEM SPECIFICATIONS

GENERAL

Number of r-'annels 92 to 20

Sampling Rate 16 KHz to 64 KHz

Tradeoff of Channels 4 channels at a time can be switched
versus Sampling Rate together to give 2 channels at

32 KHz or 1 channel at 64 KHz

Bandwidth D.C. to 0.3 times the sampling rate
for 6 dB attenuation

Resolution 8 bit companding analog to digital
(0.025% resolution near zero)

Data Transmission Rate 12.28 Mbps decodable to 4 each
3.07 Mbps

Fiber Type Graded index

Electrical to Optical Light emitting diode (LED)
Transducer

Optical to Electrical PIN diode
Transducer

Coding Manchester (Biphase-L): 12.28 Mbps
NRZ-L: 3.07 Mpbs

ELECTRICAL

Power 105 to 125 VAC, 60 Hz,

1.1 amp transmitter
1.0 amp receiver

Digital Levels TTL

Connectors BNC

Input Impedance, Analog 10K ohms

Input Impedance, Digital 50 ohms

Output Impedance, Analog 300 ohms

Output Impedance, Digital 50 ohms

Sampling Rate - f 16 KHz, 32 KHz or 64 KHz
O
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ELECTRICAL (Continued)

Frequency Response

(D.C. to 0.3 f ) +0, -6db0 Compensation can be

(D.C. to 0.1 f ) +0, -10% employed to improve

(D.C. to 0.03 fo) +0, -2% these specifications.

Resolution 8 bit digital, 4255 law companding(l)

Small Signals +0.025% of full scale or + 0.74 mVolt

Large Signals +1.6% of full scale or +47 mVolt

Signals from 1% of Full <+5% of signal
Scale, to Full Scale

Noise (D.C. to 0.3 f) (Quantizing Noise) + (<0.5 mV *S)

Noise (D.C. to 0MHz) (Quantizing Noise) + (<5 mV RS)

Linearity Less than +1 quantizing step size

Zero Accuracy 0 + 5 mV

Voltage Gain I 1% plus quantizing noise

+2.8
Maximum Signal Voltage -3.0 volts

Input Signal Limiter + 6 volts

Pulse Response Ringing <+10% at %0.3 f
Damping time constant <100 vsec

Overload Recovery To 1% of full scale within 10 lisec
after a 100 volt, 10 psec overload

*Antialiasing Filter >18 db attenuation at f /2
0

These specifications can be improved or modified with different input

and/or output filters.

(l)Siliconix Telecommunication Data Book, November 1979, Section 6.0,

Reference 5.a.
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OPTICAL

Connectors Amphenol 906

Fiber Type Recommended Siecor 122
63 Vm core diameter
0.21 numerical aperture
6 db/km attenuation

Gain Margin; Typical
(Depends on the 15 db (compared to a lOm link)
transmitter and receiver
installed and on other
factors)

19 inch rack width

11.25 inch height

] 23 inch depth overall, Transmitter

18.5 inch depth overall, Receiver

21.5 inch depth behind rack mount. Transmitter

17 inch depth behind rack mount, Receiver

60 pounds weight, Transmitter

55 pounds weight, Receiver

ENVIRONMENTAL

Transmitter, 0 to 55*C

Receiver, 15 to 30*C

16
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3.0 SYSTEM OPERATION

3.1 EXTERNAL CONNECTIONS - TRANSMITTERr

All external connections to the transmitter chassis are located

on the back panel. Refer to Section 7.2 for a view of the transmitter

back panel.

3.1.1 Analog. There are 92 BNC connectors available for analog input

data. The analog channels are labeled with three symbols: number-

letter-number. A detailed explanation of channel labeling can be found

in Section 1.3. The input signal levels are +3 volts.

3.1.2 Digital. There are two BNC connectors which involve digital data:

MLIX OUT - This TTL level output signal is the 12 11bps

time division multiplexed data containing all

92 channels of data. This signal is buffered

through a 50-ohm coaxial cable driver. Any

external connection to this output must provide

a 50-ohm terminator. In normal operation this

output is jumpered to the F/O XMIT IN connector.

F/O XMIT IN - This signal line accepts TTL level input sig-

nals which are simultaneously fed to both fiber

optic transmitters. The input is terminated

with 50 ohms. In normal operation this con-

nector is jumpered to the MUX OUT connector.

3.1.3 Fiber optic. There are one or optionally two fiber optic output

connectors. The connectors are Amphenol Model 906. One end of the fiber

optic cable is connected to one of these outputs. See System specifica-

tions for recommended fiber optic cable.

18



CAUTION: INTERNAL DAMAGE MAY RESULT IF TIlE FOLLOWING

INSTRUCTIONS ARE NOT FOLLOWED:

Red Connector: NO FERRULE

Green Connector: FERRULE REQUIRED.

A ferrule, furnished with the amphenol 906 connector, is required

by certain connectors for proper alignment of the optical fiber; however,

the presence of a ferrule where it is not needed may cause severe damage

to the optical components behind the connector.

3.2 RECEIVER

All external connections to the receiver chassis are located on

the back panel. Refer to Section 7.4 for a view of the receiver back

panel.

3.2.1 Analog. There are 92 BNC connectors available for analog output

data. The analog output channels are labeled with three symbols:

number-letter-number. A detailed explanation of channel labeling can

be found in Section 1.3. The output signal levels are +3 volts.

3.2.2 Digital. There are a total of seven digital connections on the

receiver. These signals are listed below:

1. F/O RECEIVE OUT - This signal is the TTL level output of

the fiber optic receiver and has been buffered through a

50-ohm coaxial cable driver. Any external connection to

this output must provide a 50-ohm terminator. It is the

12 Mbps multiplexed signal which contains data from all

the operational channels. In normal operation, this

output is jumpered to the IUX IN input. The data format

is Biphase-L.

19



2. MUX IN - This input accepts the TTL level 12 Mbps

multiplexed data. This input is terminated with 50

ohms. In normal operation this input is jumpered

to the F/O RECEIVE OUT connector.

3. GROUP 1 OUT - This output provides the 3 Mbps group

multiplexed data for all group 1 channels. This TTL

level signal is buffered through a 50-ohm coaxial

cable driver. Any external connection to this

output must provide a 50-ohm terminator. The data

format is NRZ-L.

4. GROUP 2 OUT - This output provides the 3 Mbps group

multiplexed data for all group 2 channels. This TTL

level signal is buffered through a 50-ohm coaxial cable

driver. Any external connection to this output must

provide a 50-ohm terminator. The data format is NRZ-L.

5. GROUP 3 OUT - This output provides the 3 Mbps group

multiplexed data for all group 3 channels. This TTL

level signal is buffered through a 50-ohm coaxial cable

driver. Any external connection to this output must

provide a 50-ohm terminator. The data format is NRZ-L.

6. GROUP 4 OUT - This output provides the 3 Mbps group

mulitplexed data for all group 4 channels. This TTL

level signal is buffered through a 50-ohm coaxial cable

driver. Any external connection to this output must

provide a 50-ohm terminator. The data format is NRZ-L.

7. CLOCK OUT - This TTL level output supplies a 3 Mbps

clock signal which has been buffered through a 50-ohm

coaxial cable driver. Any external connection to this
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output must provide a 50-ohm terminator. This signal

can be used in digitally recording the group data out

signals when optional interface circuits are available.

3.2.3 Fiber optic. There are one or optionally two fiber optic receivers

with one connector for each of the receivers. These connectors are Am-

phenol Model 906. Unlike the fiber optic transmitters, the fiber optic

* receivers are not operated in parallel. They are switch selectable by

switch Si located on the line driver board in the receiver chassis.

CAUTION: INTERNAL DAMAGE MAY RESULT IF THE FOLLOWING

INSTRUCTIONS ARE NOT FOLLOWED:

Red Connector: NO FERRULE

Green Connector: FERRULE REQUIRED.

A ferruie is required by certain connectors for proper alignment

of the optical fiber; however, the presence of a ferrule where it is

not needed may cause severe damage to the optical components behind

the connector.

3.3 FRONT PANEL DESCRIPTION

3.3.1 Transmitter. There are seven indicators and one switch located

on the front panel of the transmitter and are described below. Refer

to Section 7.1 for a view of the transmitter front panel.

1. Power ON/NOT ON Switch

This switch is located on the bottom right-hand side

of the front panel and is green in color. This switch

turns on the AC power and will light up when AC power

is ON.
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2. Bit Stream

This indicator will be on when the 12 Mbps bit stream is

present. If it is not, a problem on the multiplexer

board would be suspected.

3. OVP OFF

This indicator will be on when the over voltage protection

circuitry is disco. ected from all internal power supplies.

This is controlled by a switch located on the right-hand

side, behind the lower front panel. The panel is lowered

by unscrewing the thumb screws at the top of the panel.

The switch is labeled OVP with ON and OFF positions

clearly visible. In the ON position, the over voltage

* protection circuitry for each power supply is connected.

The OVP can be triggered by low radiation dose rates,

thereby shutting off power. The OVP should be off when

operating in radiation environments. The OVP should

also be off whenever link operation is more important

than protecting circuits from damage due to over voltage.

4. +7.5V

This indicator is on when +7.5 volts are present.

5. -7.5V

This indicator is on when -7.5 volts are present.

6. +3V

This indicator is on when +3 volts are present.
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7. -3V

This indicator is on when -3 volts are present.

8. +5V

This indicator is on when +5 volts are present.

NOTE: Since the +3V supply is derived from the +7V supplies

and the -3V supply is derived from the +3 and +7V

supplies, interactions occur.

3.3.2 Receiver. There are nine indicators and one switch located on

the front panel of the receiver, and are described below. Refer to

Section 7.3 for a view of the receiver front panel.

1. Power ON/NOT ON

This switch is located on the bottom right-han: Lje

of the front panel and is green in color. This switch

turns on the AC power and will light up when AC power

is ON.

2. Bit Stream

This indicator will be on when the 12 Mbps bit stream is

present. If this light is off and the bit stream indicator

on the transmitter is ON, a problem with the fiber optics

would be suspected. Some fiber optic receivers put out

an oscillatory signal when there is no input. When using

these type receivers, the bit stream indicator will always

be ON.

23



3. OVP OFF

This indicator will be on when the over voltage protection

circuitry is disconnected from all internal power supplies.

This is controlled by a switch located on the right-hand

side, behind the lower front panel. This panel is lowered

by unscrewing the thumb screws at the top of the panel.

The switch is labeled OVP with ON and OFF positions

clearly visible. In the ON position, the over voltage

protection circuitry for each power supply is connected.

See discussion on when to use OVP in Section 3.3.1.

4. +7.5V

This indicator is on when +7.5 volts are present.

NOTE: The voltage at t,., +7.5 volt power supply has

been increased to approximately 9 volts in order

to supply a necessary 8 volts to the codec

circuits on the decoder boards.

5. -7.5V

This indicator is on when -7.5 volts are present.

NOTE: The voltage at the 7.5 volt power supply has

been adjusted to approximately -9 volts in order

to supply a necessary -8 volts to the codec

circuits on the decoder boards.

6. +3V

This indicator is on when 3 volts are present.
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NOTE: The -3 volt power supply has been adjusted to

approximately -3.2 volts so as to provide a

system gain of one.

8. +5V

This indicator is on when +5 volts are present.

9.+15V

This indicator is on when +15 volts are present.

10. -15V

This indicator is on when -15 volts are present.

3.4 Bandwidth Selection

The bandwidth of the system can be varied between 5 KHz, 10 KHz,

and 20 KHz by switches located on both coder and decoder boards. These

switches are accessible by lowering the front panels of each chassis.

Each bandwidth selection switch determines the sampling rate for the

four channels associated with a particular coder-decoder board set and

assigns appropriate input filters. For proper operation, coder and

decoder switches must be in the same position. It must be noted that

higher bandwidths (10 KHz and 20 KHz) have been achieved by paralleling

appropriate channels on the coder boards. This results in a reduction

in sampling time and a reduction in the number of useable channels.

In the 5 KHz position, all four channels associated with a coder-

decoder board set are operational.

In the 10 KHz position, two channels are paralleled to effect a

faster sampling rate since the maximum sampling rate for one coding codec

chip (DF 331) is 16 KHz. In this position, channel M~ is paralleled

with channel XX3 and channel XX2 with channel XX4. (Refer to Section

1.3 on channel nomenclature.) This has the effect of reducing the
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number of useable channels to two for each coder-decoder board set.

However, this is not true for those channels labeled F since there

are only three channels available on these boards in the 5 I\Hz position.

This limits the number of 10 KHz channels for each board labeled F to

one. Thus, the total number of system channels with a bandwidth of

10 KHz is 44. The analog input signals must be connected to channels

XXl and XX2. Likewise, the analog output signals are found on channels

XXI and XX2, respectively.

In the 20 KHz position, all four channels on each coder-decoder

board set are paralleled. Thus, there is only one 20 KHz channel per

board. Again, this is not true for those boards labeled F and since

there are only three 5 KHz channels on these boards, no 20 KHz channels

can be formed. The total number of 20 KHz system channels is 20. The

analog input signals must be connected to channels XX. Likewise, the

analog outputs are found on channels XX.

In summary, the bandwidth versus maximum number of system channels

is shown in Table 2.

Table 2

Bandwidth Channels

5 KRz 92

10 KRz 44

20 KHz 20

Since the process of assigning bandwidths can become complicated,

it is suggested that a worksheet be filled out for ease in setting up

the ctannels. A sample worksheet is provided in Figure 4. Two blank

worksheets are included in Section 7.0. To use this worksheet, these
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steps should be followed:

1. Fill in the number of channels desired for each bandwidth.

2. Starting with the 20 KHz bandwidth, fill in the chassis

j slot numbers to accommodate the number of 20 KHz channels

desired. For convenience, the slot numbers in the sample

worksheet have been chosen to start with lA and finish

with 4F, to correspond to the first two characters of the

channel numbers in that slot.

3. Fill in the slot numbers for the 10 and 5 KHz bandwidths,

respectively.

4. Complete the Channels/Slot row for each slot number,

and each bandwidth, remembering that there are a maximum

of four 5 KHz channels per slot, two 10 Kllz channels per

slot, or one 20 KI~z per slot for all slots except IF,

2F, 3F and 4F. For these slots, there are a maximum

of three 5 KHz channels per slot or one 10 KHz channel

per slot.

5. Fill in the matrix which corresponds to the back panel

of each chassis by indicating both channel number and

assigned bandwidth. It may be helpful to put an X in

those blocks which are not operational due to the paral-

leling of channels to achieve higher bandwidths.

3.5 FIBER OPTIC RECEIVER SELECTION

A switch labeled 51 on the line driver board in the receiver

chassis allows selection between fiber optic receiver #1 and receiver

#2. Each position is clearly labeled on the board.
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3.6 OFFSET ADJUSTMENT

There are two analog offset adjustments available, one for the

input stage of the transmitter and one for the output stage of the re-

ceiver.

3.6.1 Input offset. There is an input offset adjustment for each

channel located on the coder boards. The potentiometers used for this

adjustment are R17, R18, R19 and R20. Each pot is adjusted so that a

shorted analog input produces the eight-bit code associated with a zero

volt input on the output of the codec chip (DF331). This code is:

01111111 or 1111111. Refer to Diagram 7.10 for location of adjustment

pots.

3.6.2 Output offset. There is an output offset adjustment for each

(P channel located on the decoder boards. The potentiometers are labeled

R22, R23, R24 and R25 on each decoder board. Each pot is adjusted so

that the eight-bit bode corresponding to zero volts on the input to

the codec chip (DF334) produces zero volts at the final output stage.

Refer to Diagram 7.10 for location of adjustment pots.

3.7 GAIN ADJUSTMENT

A separate gain adjustment has been provided for each channel and

is accomplished by adjusting pots R7, R10, R13 and R16 on each coder

board. The gain should be adjusted so that the voltage at the input to

the codec chip (DF331) is the same as the voltage at the input connector.

Refer to Diagram 7.10 for location of adjustment pots.

3.8 INPUT SIGNAL LIMITER ADJUSTMENT

A limiter adjustment is available for each channel so that the
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voltage level at which tile input analog signal is limited can be varied.

This is achieved by adjusting pots R5, R8, R11 and R14 on the coder

boards. This adjustment has been set so that tlle input signal begins

distorting above ±3 volts and is limited at ±6 volts. Refer to Diagram

7.10 for location of adjustment pots.

3.9 RECEIVER TIMING ADJUSTMNT

A timing adjustment pot, Ri, is located on the detaultiplexer board

in the receiver chassis. It is used to set proper tilfliulg in the decoding

circuitry. It should be set in the middle of the range for which an

undistorted analog output signal is achieved. Refer to Diagraul 7.10 for

location of adjustment pot.
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COMIPUTER INTERFACE OPTION
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4.0 COMPUTER INTERFACE OPTION

4.1 DESCRIPTION

An optional computer interface board has been included to provide

the following functions:

1) Fiducial Status

2) Calibration Status

3) Frame Counter

4) Sync Word

This board should be placed in the backplane connector slot labeled

IF. Thus, in choosing this option, channels lFl, IF2 and 1F3 are no

longer available.

This interface board uses the eight-bit data time slots associated

with channels IF1 and IF2, in the following format.

Sync Word. The sync word is an eight-bit selectable code which

can be used as a frame sync. It occurs once in every frame during the

time slot associated with the lFl channel. The circuit is wired so that

the MSB bit of the code appears in the first bit position. The code is

selectable by jumpers on the interface board. The format for the sync

word is shown in Figure 3.

BIT 1 BIT 8

IMSB I LSB

Figure 3. 1F1 Data Slot: Sync Word
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Fiducial Status. An input connector is provided on the back panel

of the transmitter chassis for a fiducial signal. The requirements for

the signal are that it is between 20 and 200 volts in peak amplitude,

with a 40 nanosecond minimum pulse width. The circuit is designed to

provide a logical one in the first bit position of the IF2 channel data

slot for about 3 msec after the fiducial signal. A logical zero returns

after about 3 msec following the signal.

Calibration Status. A calibration status input connector is lo-

cated on the back panel of the transmitter chassis. It is designed

to accept a switch closure input. Upon closure of the switch, a logical

zero status bit is provided in the second-bit position of the IF2 channel

data slot; alternatively, a logical one results when the switch is open.

Frame Counter. A frame counter is provided on the interface board

whose output is a continuous count of data frames with no reset. The

format of the counter output is a six-bit binary code. It occupies the

third through the eighth bit position of the IF2 channel data slot.

Frame count data can be used with the fiducial status bit to determine

the number of frames transmitted since the fiducial signal. The format

for the IF2 data slot is shown in Figure 4.

BIT I BIT 2 BI 3 BIT 4 BIT 5 BIT 6 BIT 7 IT 8

0- c' 'M NOPJL46 FRAM FRAM

FIU ALCOUNIT COUNT! COUNT COUNXT

Figure 4. 1F2 Data Slot: Fiducial Status, Calibration

Status and Frame Count

4.2 EXTERNAL STATUS CONNECTIONS

Fiducial Input - A fiducial input is provided and has been termina-
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ted with 50 ohms. The input is designed to accept 20 to 200 volt signals

with a minimum of 40 nanoseconds pulse width. The circuitry for the

fiducial status is located on the computer interface board which, when

selected, resides in the backplane connector slot labeled IF. The

fiducial status appears as a logical one in the first bit position of

the eight-bit time slot allotted to channel IF2 for about 3 msec

following a fiducial pulse, and a logical zero after this time.

Calibrate Input - A calibrate input is provided to indicate when

calibration data is being transmitted over the data link. The circuit

for the calibration input is located on the digital interface board.

The circuit is designed such that a switch closure produces a logical

zero in the second bit position of the eight-bit time slot allotted to

channel 1F2. When normal data are being transmitted, the status bit

appears as a logicial one.

NOTE: This computer interface option is develop-

mental at the time of this writing and is

not part of the standard link.
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5.0 SYSTEM OPERATION CHECKLIST

In order to insure proper operation of the data link, the following

steps should be carefully followed:

1. Assign bandwidths to the channels. Refer to Section

3.4 on bandwidth selection. It is suggested that a

worksheet be filled out similar to the one provided

in Figure 4. Two blank worksheets are included in

Section 7.7.

2. Select the desired bandwidth for each channel. These

switches are located on the edge of the coder and de-

coder boards. The front panels must be lowered in

order to reach them. Make sure that switches on both

. the transmitter and receiver are in the desired

position.

3. Connect coaxial cables to appropriate channels. Use

matrix developed in Step 1.

4. Make sure the following jumpers are in place on the

back panels:

a) MUX OUT to F/O )MIT IN on transmitter

b) F/O RECEIVE OUT to DEMUX IN on receiver.

5. Make sure fiber optic cable connectors are secured to

panel connectors. Note the warning label concerning

the use of ferrules. This warning is also described

in Sections 3.1.3 and 3.2.3.

6. Select desired fiber optic reciever. This switch is
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labeled Si and is located on the line driver board

in the receiver chassis.

7. Make sure power cords for both transmitter and

receiver are securely plugged into AC power outlets.

8. Push Power ON switch for both transmitter and re-

ceiver chassis.
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6.8 BACKPLANE WIRE LIST - TRANSMITTER

FROM TO JOLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

J1 E j3 9 Violet 3MHz Clock
J3 9 J4 9 Bus Wire
J4 9 J5 9
J5 9 J6 9
J6 9 J7 9
J7 9 J8 9
J8 9 J9 9
J9 9 3lO 9
3lO 9 Jll 9
ll 9 J12 9
J12 9 J13 9
J13 9 J14 9
31 E J17 9 Violet
J17 9 118 9 Bus Wire
J18 9 J19 9
J19 9 J20 9
120 9 J21 9
J21 9 j22 9
J22 9 323 9
J23 9 324 9
J24 9 325 9
J25 9 j26 9
J26 9 327 9
J27 9 j28 9

31 F J9 K Blue Group 1 Digital Data
J9 K 3lO K Bus Wire
3lO K 3ll K
ll K 312 K

J12 K J13 K
J13 K J14 K

Jl 6 J3 K Blue Group 2 Digital Data
J3 K J4 K Bus Wire
J4 K J5 K
J5 K J6 K
J6 K J7 K
J7 K J8 K

31 H J23 K Blue Group 3 Digital Data
J23 K J24 K Bus Wire

324 K 325 K
J25 K J26 K
J26 K J27 K

J27 K J28 K
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BACKPLANE WIRE LIST - TRANSMITTER

FROM TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

J 7 J17 K Blue Group 4 Digital Data
J17 K J18 K Bug Wire
J18 K J19 K
J19 K J20 K
J20 K J21 K
J21 K J22 K I I

Jl 9 J8 10 White SYNCI-2A1
J8 10 J14 10 SYNCl-IAI
ii 9 J22 10 SYNCI-4AI
J22 10 J28 10 SYNCI-3AI

Jl K J7 10 White SYNC2-2BI
J7 10 J13 10 SYNC2-1BI
ii K J21 10 SYNC2-4B1
J21 10 J27 10 SYNC2-3BI

Jl 10 J6 10 White SYNC3-2C1
J6 10 J12 10 i SYNC3-1Ci
Ji 10 J20 10 SYNC3-4C1
J20 10 J26 10 SYNC3-3CI

Jl L J5 10 White SYNC4-2DI
J5 10 Jill 10 SYNC4-ID1
Jil L J19 10 [ SYNC4-4D1
J19 10 J25 10 SYNC4-3DI

Jl 11 J4 10 White SYNC5-2EI
J4 10 JlO 10 SYNC5-1E1
Ji 11 J18 10 SYNC5-4EI
J18 10 J24 10 SYNC5-3EI

JIl M J3 10 White SYNC6-2F1
J3 10 J9 10 SYNC6-lF1
JI M J17 10 SYNC6-4FI
J17 10 J23 10 SYNC6-3FI

Jil 12 J8 L White SYNC7-2A2
J L J14 L SYNC7-1A2
Jil 12 J22 L SYNC7-4A2
J22 L J28 L SYNC7-3A2

Ji N J7 L 'Thite SYNC8-2B2
J7 L J13 L SYNC8-1B2
Jil N J21 L SYNC8-4B2
J21 L J27 L SYNC8-3B2
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BACKPLANE WIRE LIST - TRANSMITTER

FROM TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN
3l 13 J6 L White SYNC9-2C2
J6 L J12 L SYNC9-1C2
3l 13 J20 L SYNC9-4C2J20 L J26 L SYNC9-3C2

Jil p J5 L White SYNCIO-2D2
J5 L 3ll L SYNCIO-ID2
31 p J19 L SYNC1O-t:D2J19 L J25 L SYNCIO-3D2

1 14 J4 L White SYNC11-2E2
J4 L J1O L SYNCII-1E2Jl 14 J18 L SYNC1I-4E2
J18 L J24 L SYNC11-3E2

i1 R 13 L White SYNC12-2F2
J3 L J9 L- SYNC12-1F23l R J17 L SYNC12-4F2
J17 L J23 L SYNC12-3F2

1 15 J8 11 White SYNCI3-2A3
J8 11 J14 11 SYNC13-1A33l 15 J22 11 SYNC13-4A3
J22 11 J28 11 SYNC13-3A3

31 S J7 11 White SYNCI4-2B3J7 11 J13 11 SYNC14-1B3
3l S21 11 SYNC14-4B3
J21 ii J27 1i SYNC14-3B3

31 16 J6 ii White SYNC15-2C3
J6 11 112 11 SYNC15-1C33l 16 J20 11 SYNC15-4C3
J20 11 J26 ii SYNC15-3c3

3l T J5 11 White SYNC16-2D3
J5 11 ll 11 SYNC16-1D331 T J19 11 SYNC16-4D3J19 11 J25 11 SYNC16-3D3

31 17 J4 11 White SYNC17-2E3J4 11 3l 11 SYNC17-1E3
Jl 17 J18 1i SYNC17-4E3
J18 11 J24 11 SYNC17-3E3
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BACKPLANE WIRE LIST - TRANSMITTER

FROM TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

Jil U J3 11 White SYNC18-2F3

1J3 1 J9 11 SYNCI8-1F3

Ji U J17 11 SYNC18-4F3

J17 11 J23 11 SYNCI8-3F3

Ji 18 J8 i White SYNC19-2A4

J8 M J14 M SYNCI9-1A4

Ji 18 J22 i SYNC19-4A4
J22 M J28 M SYNCI9-3A4

Ji V J7 M White SYNC20-2B4
J7 M J13 M SYNC20-lB4

JI V J21 it SYNC20-4B4

J21 M J27 N SYNC20-3B4

Ji 19 J6 M White SYNC21-2C4

J6 M J12 if SYNC21-1C4

J 19 J20 M SYNC21-4C4

J20 M J26 M SYNC21-3C4

Jil W J5 M White SYNC22-2D4

J5 M Jll M SYNC22-1D4

Ji W J19 M SYNC22-4D4

J19 M J25 M SYNC22-3D4

Jil 20 J4 M White SYNC23-2E4

J4 M JlO M SYNC23-1E4

Ji 20 J18 M SYNC23-4E4

J18 M J24 M SYNC23-3E4

Jl* 8* J2* K* Yellow* 12 Mbps

Biphase Data

J2, 9 * BNC Back Panel Coax MX Out

J 8 Connector

J2* 10* BNC Back Panel Coax Ground

Jil 5 Connector Shield

J2 7 Front Panel Anode Violet Bit Stream

LED Indicator

J2 8 Front Panel Cathode Green Bit Stream

LED Indicator

* Applicable to Serial Unit No. I Only
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BACKPLANE WIRE LIST -TRANSIIITTER

FROM TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

39 C BNC Back Panel Coax FIDU

39 8 Connector

J98BNC Back Panel Green CAL
Connector

BNC Back Panel F/O Board 7,20 Coax F/O XMIT IN
Connector Connector

BNC Back Panel F/O Board 9,K,22,Z Coax Ground
Connector Connector Shield

+5V Power Supply (+) 31,2,A,B
Ji l,2,A,B 32 Red +5V
J2 J3 Bus Wire
J3 J4
J4 J5
J5 J6
J6 J7
J7 J8
J8 J9
J9 Jlo
310 311
i11 J12
J12 J13
J13 J14

+5V Power Supply (+) J15 Red
J15 l,2,A,B J16 Bus Wire
J16 317
J17 J18
J18 J19
J19 J20
J20 J21
J21 J22
J22 J23
J23 J24
J24 J25
J25 326
J26 327
327 328

31 1,2,A,B F/O Board l,A,14,R Red +5V
Connector

315 1,2,A,B Front Panel Anode Red +5V
LED Indicator
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BACKPLANE WIRE LIST - TRANSMITTER

FROM TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

+7.5V Power Supply (+) J14 5 Orange +7.5V
J14 5 J13 Bus Wire
J13 J12
J12 ill
ill JlO
JlO J9

J9 J8
J8 J7
J7 J6
J6 J5
J5 J4
J4 J3

+7.5V Power Supply (+) J28 Orange +7.5V
J28 5 J27 Bus Wire
J27 J26
J26 J25
J25 J24
J24 J23
J23 J22
J22 J21
J21 J20
320 J19
J19 J18
J18 J17
J17 J16
J16 315

+7.5V Power Supply (S) J15 5 Orange +7.5V
J16 5 Front Panel Anode Yellow +7.5V

LED Indicator

-7.5V Power Supply (-) J14 E Blue -7.5V
J14 E J13 Bus Wire
J13 J12
J12 3ll
3ll J9
JlO J9

J9 J8
J8 J7
J7 J6
J6 J5
J5 4
J4 J3

-7.5V Power Supply J28 E Blue -7.5V
J28 E J27 Bus Wire
J27 J26
J26 J25
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BACKPLANE WIRE LIST -TRANSMITTER

COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

J25 E J24 E Blue -7.5V
J24 J23 Bus Wire
J23 J22
122 121
J21 J20

PJ20 J19
J19 J18
J18 J17
J17 J16
J16 J15

-7.5V Power Supply (S) 115 E Blue -7.5V
J 16 E Front Panel Cathode Red -7. 5V

LED Indicator

315 7 J3 7 Red +3V

33 J4 Bus Wire

J5 16
J6 17
J7 18

J9 110

J12 J13
J13 J14
J15 316
J16 317
317 318
J18 319
319 J20
J20 J21
J21 122
J22 123
J23 J24
J24 J25
125 J26
J26 j27I
127 J28
316 7 Front Panel Anode Green +3V

LED Indicator

J15 H 33 H Yellow-3

36 37
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BACKPLANE WIRE LIST - TRANSMITTER-

FROM TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

J7 H J8 H Yellow -3V
J8 J9 Bus Wire

* J9 3lO

J10 ill
ill J12
J12 J13
J13 J14
J15 J16
J16 J17
J17 J18
J18 J19
J19 J20
J J20 J21
J21 J22
J22 J23
J23 J24
J24 J25
J25 J26
J26 J27
J27 J28
J16 H Front Panel Cathode Blue -3V

LED Indicator

5V Power Supply (-) 3l 21,22,Y,Z Black Ground
+7.5V Power Supply (-) Jl 21,22,Y,Z Black Ground
-7.5V Power Supply (+) Jl 21,22,Y,Z Black Ground

3l 21,22,Y,Z J2 21,22,Y,Z Bus Wire Ground
J2 J3
J3 J4

J4 J5
J5 J6
J6 7
J7 J8
J8 39
J9 JlO
JlO ill

ll J12
J12 J13
J13 J14

5V Power Supply (-) J15 21,22,Y,Z Black Ground
+7.5V Power Supply (-) J15 21,22,Y,Z Black Ground
-7.5V Power Supply (+) J15 21,22,Y,Z Black Ground

J15 21,22,Y,Z J16 21,22,Y,Z Bus Wire Ground
J16 J17
J17 J18
J18 J19
J19 J20
J20 J21
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BACKPLANE WIRE LIST - TRANSMITTER

FRO'M TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

J21 21,22,Y,Z J22 21,22,Y,Z Bus Wire Ground
J22 IJ23
J123 J124
J24 J .25
J125 J126
J26 IJ27
J27 J128 -

J15 21,22,Y,Z Front Panel Cathode Black +5V,+7V,+3V
LED Indicator Ground

J15 21,22,Y,Z Front Panel Anode Black -7V,--3V
LED Indicator Ground

Ji 21,22,Y,Z F/0 Board 9,K,22,Z Black Ground
Connector
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BACKPLANE WIRE LIST - TRANSMITTER

CABLE SIGNAL

BACK PANEL BNC CONNECTOR CONNECTOR PIN ANALOG IN

lAl J14 13 Coax* IAI
IA2 J14 16 IA2
IA3 J14 19 IA3
IA4 J14 20 IA4
IBI J13 13 IBI
1B2 J13 16 IB2
IB3 J13 19 IB3
1B4 J13 20 IB4
ICI J12 13 ICi
1C2 J12 16 IC2
IC3 J12 19 IC3
IC4 312 20 IC4
IDI 3ll 13 IDI
ID2 ll 16 ID2
ID3 ill 19 1D3
ID4 ll 20 1D4
IEI J1 13 lEI
IE2 J1O 16 IE2

, E3 J10 19 IE3
IE4 3lO 20 IE4
IF1 J9 13 iFI
IF2 J9 16 IF2
1F3 J9 19 1F3
2AI i8 13 2AI
2A2 i8 16 2A2
2A3 i8 19 2A3
2A4 i8 20 2A4
2BI 7 13 2BI
2B2 J7 16 2B2
2B3 7 19 2B3
2B4 J7 20 2B4
2C1 J6 13 2C1
2C2 J6 16 2C2
2C J6 19 2C
2C4 J6 20 2C4
2D4 J5 13 2D1
2D2 15 16 2D2
2D3 J5 19 2D3
2D4 J5 20 2D4
2E1 J4 13 2E4
2E2 J4 16 2E2
2E3 J4 19 2E3
2E4 J4 20 2E4
2F1 33 13 2F
2F2 J3 16 2F2
2F3 J3 19 2F3

*Coax shields are connected only to back panel connectors.
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BACKPLANE WIRE LIST - TRANSMITTER

CABLE SIGNAL

BACK PANEL BNC CONNECTOR CONNECTOR PIN ANALOG IN

3AI J28 13 Coax* 3A1
3A2 J28 16 3A2
3A3 J28 19 3A3
3A4 J28 20 3A4

3BI J27 13 3BI
3B2 J27 16 3B2
3B3 J27 19 3B3

3B4 J27 20 3B4
3CI J26 13 3CI
3C2 J26 16 3C2
3C3 J26 19 3C3
3C4 J26 20 3C4
3D1 J25 13 3DI
3D2 J25 16 3D2
3D3 325 19 3D3
3D4 J25 20 3D4
3E1 J24 13 3E1
3E2 J24 16 3E2
3E3 J24 19 3E3
3E4 J24 20 3E4
3F J23 13 3F1
3F2 J23 16 3F2
3F3 J23 19 3F3
4AI J22 13 4A1
4A2 J22 16 4A2
4A3 J22 19 4A3
4A4 J22 20 4A4
4B1 J21 13 4B1
4B2 J21 16 4B2
4B3 J21 19 4B3
4B4 J21 20 4B4
4CI J20 13 4CI
4C2 J20 16 4C2
4C3 J20 19 4C3
4C4 J20 20 4C4
4D1 J19 13 4D1
402 J19 16 4D2
4D3 J19 19 4D3
4D4 J19 20 4D4
4E1 J18 13 4E1

4E2 J18 16 4E2
4E3 J18 19 4E3
4E4 J18 20 4E4
4FI J17 13 4FI
4F2 J17 16 4F2
4F3 J17 19 4F3

* Coax shields are connected only to back panel connectors.
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6.9 BACKPLANE WIRE LIST - RECEIVER

COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

3l E J3 9 Violet 3MHz Clock
J3 9 J4 9 Bus Wire
J 9 J5 9
J5 9 J6 9
J6 9 J7 9
J7 9 J8 9
J8 9 J9 9
J9 9 3lO 9
JlO 9 ll 9
ll 9 J12 9

J12 9 J13 9
J13 9 J14 9
l E J17 9 Vidlet

J17 9 J18 9 Bus Wire
J18 9 J19 9
J19 9 J20 9
J20 9 J21 9
J21 9 J22 9
J22 9 J23 9

J23 9 324 9

J24 9 J25 9

J25 9 J26 9

J26 9 J27 9

J27 9 J28 9

31 F J9 K Blue Group 1 Digital Data
J9 K 3lO K Bus Wire
J10 K 3ll K
3ll K J12 K

J12 K J13 K
J13 K J14 K

3l 6 J3 K Blue Group 2 Digital Data
J3 K J4 K Bus Wire
4 K J5 K

J5 K J6 K
J6 K 7 K
J7 K J8 K

3l H J23 K Blue Group 3 Digitial Data
J23 K J24 K Bus Wire
J24 K J25 K
J25 K J26 K
J26 K J27 K
J27 K J28 K
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BACKPLANE LIST -RECEIVER

FROM TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

31 7 J17 K Blue Group 4 Digital Data
J17 K J18 K Bus Wire
J18 K 319 K

J19 K J20 KJ20 K J21 KII
J21 K J22K

31 9 J8 10 White SYNCl-2A1
J8 10 J14 10 SYNCi-l-Al
31 9 J22 10 SYNC1-4A1
J22 10 J28 10 1SYNCi- 3Al

31 K J7 10 White SYNC2-2B1
J7 10 J13 10 SYNC2-lBl
31 K J21 10 SYNC2-4B1
J21 10 327 10 SYNC2-3B1

36 10 J62 10 te SYNC3-1Cl
J6 10 J12 10 WieSYNC3-2C1

Ji 10 J20 10 SYNC3-4C1
320 10 326 10 $SYNC3-3C1

31. L J5 10 White SYNC4-2D1
J5 10 ill 10 SYNC4-1Dl
31 L 319 10 ISYNC4-4Dl
J19 10 325 10 tSYNC4-3D1

31 11 J4 10 White SYNC5-2El
A4 10 J10 10 SYNC5-lEl
Ji 11 J18 10 SYNC5-4E1
J18 10 324 10 SYNC5-3E1

31 m J3 10 White SYNC6-2F1
J3 10 39 10 SYNC6-1Fl
31 M J17 10 SYNC6-4Fl
J17 10 J23 10 SYNC6-3F1

31 12 J8 L White SYNC7-2A2
J8 L J14 L SYNC7-lA2
Jl 12 J22 L SYNC7-4A2
322 L J28 L SYNC 7- 3A2

31 N J7 L White SYNC8-2B2
J7 L J13 L jSYNC8-1B2
31 N J21 L SYNC8-4B2
J21 L J27 L VSYNC8- 3B2
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BACKPLANE WIRE LIST - RECEIVER

FROM TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

1 13 J6 L White SYNC9-2C2
J6 L J12 L SYNC9-1C2

Jl 13 J20 L SYNC9-4C2
J20 L J26 L SYNC9-3C2

Ji P J5 L White SYNCI0-2D2
J5 L Jll L SYNCI0-1D2
Ji P J19 Lj SYNC10-4D2
J19 L J25 L SYNClO-3D2

Ji 14 J4 L White SYNC1-2E2
J4 L 3l L SYNC12-IE2
1 14 J18 L SYNCII-4E2
J18 L J24 L SYNCI2-3E2

J1 R J3 L White SYNC12-2F2SJ3 L J9 L SYNCI2-1F2

31 R J17 L SYNC12-4F2
J17 L J23 L SYNC12-3F2

3l 15 37 11 White SYNC13-2A3
J8 11 J14 11 | SYNC13-1A3
Jl 15 J22 11 SYNC13-4A3
J22 11 J28 11 SYNC13-3A3

Jl S J7 11 White SYNC14-2B3
J7 11 J13 11 SYNCL4-1B3
J1 S J21 11 SYNC14-4B3
J21 11 J27 11 SYNC14-3B3

l 16 J6 11 White SYNCi5-2C3
J6 11 J12 11 SYNCI5-1C3
1 16 J20 11 SYNC15-4C3
J20 11 J26 11 SYNCI5-33

31 T J5 11 White SYNC16-2D3
J5 11 3ll 11 SYNC16-1D3
Jl T J19 11 SYNCI6-4D3

J19 11 J25 11 SYNCI6-3D3

Jl 17 J4 11 White SYNC17-2E3
J4 11 JlO II1 SYNCI7-1E3

Jl 17 J18 i1 SYNC:7-4E3
J18 11 J24 .11 SYNC17-3E3
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BACKPLANE WIRE LIST -RECEIVER

FROM TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

i U J3 11 White SYNC18-2F3
J311 J9 11 SYNC18-1F3

Ji U J17 11 SYNC18-4F3

J17 11 323 11 SYNC18-3F3

31 18 J8 m White SYNC19-2A4
J8 H J14 M SYNC19-1-A4
31 18 J22 m SYNC19-4A4
J22 M 328 11 SYNC19- 3A4

i V 37 H White SYNC20-2B4
J7 M J13 M SYNC2O-1B4
Ji V J21 m SYNC20-4B4
J21 M J27 H 'SYNC2O- 3B4

i 19 J6 M White SYNC21-2C4
J6 H J12 M SYNC21-1C4
31 19 J20 M SYNC21-4C4
J20 M J26 H 9 SYNC2 1- 3C4

31 W J5 M White SYNC22-2D4
J5 m i11 M SYNC22-1D4
31 W J19 M SYNC22-4D4
J19 m J25 m SYNC22-3D4

31 20 J4 H1 White SYNC23-2E4
J4 M 310 H1 SYNC23-1E4
31 20 318 H SYNC23-4E4
318 M J24 it WYNC23-3E4
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BACKPLANE WIRE LIST - RECEIVER

FROM TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

BNC Back Panel Jl 8 Coax DEMUX IN
Connector

BNC Back Panel l 3 Coax Ground
Connector Shield

Jil C J2 C Yellow 3MHz Clock

J2 3 BNC Back Panel Coax 3MHz Clock Out
Connector

J2 4 BNC Back Panel Coax Ground

Connector Shield

J1 C il D Bus Wire 3MHz Clock
for SYNC Counters

Jl F J2 H Blue Group 1 Data

J2 7 BNC Back Panel Coax Group I Data Out

tConnector
J2 8 BNC Back Panel Coax Ground

Connector Shield

ii 6 J2 K Blue Group 2 Data

J2 9 BNC Back Panel Coax Group 2 Data Out
Connector

J2 10 BNC Back Panel Coax Ground
Connector Shield

Jl 11 J2 m Blue Group 3 Data

J2 11 BNC Back Panel Coax Group 3 Data Out

Connector

J2 12 BNC Back Panel Coax Ground
Connector Shield

Jl 7 J2 P Blue Group 4 Data

J2 13 BNC Back Panel Coax Group 4 Data Out

Connector

J2 14 BNC Back Panel Coax Ground
Connector Shield
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BACKPLANE WIRE LIST -RECEIVER

PROH TO -Collor, S I GNAL

CONNECTOR PIN CONNECTOR PIN

F/O Board 7 32 S Violet 12Mbps

Connector Biphase Data

F/O Board 20 J2 U Violet 12Mbps
Connector Biphase Data

32 5 BNC Back Panel Coax Ff0 Receive OutIi Connector

J2 6 BNC Back Panel Coax Ground
Connector Shield

J2 17 Front Panel Anode Violet Bitstream
LED Indicator

J1 2 18 Front Panel Cathode Green Bitstream
LED Indicator

+5V Power Supply (+) 31 l,2,A,B Red +5V
31 1,2,A,B 32 Bus Wire
J2 J3

J3 34
J4 35
J 5 36
J6 37
37 38
J8 J9
J9 310

i11 J12
J12 313
313 J14

+5V Power Supply (+) 315 Red
J15 l,2,A,B J16 Bus Wire

J16 J17
J17 J18
318 J19
J19 320
320 J21
321 J22
J22 J23
323 324
J24 J25
J25 J26
J26 327
J27 J28

31 l,2,A,B FlO Board l,A,14,R Red +5V
Connector

J15 l,2,A,B Front Panel Anode Red +5V
LED Indicator
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BACKPLANVE WIRE LIST -RECEIVER

FROM TO COLOP SIGNAL

CONNECTOR PIN CONNECTOR PIN4

+7.5V Power Supply +)J14 5 Orange +7.5V

114 5 'T11 Bus Wire

313 J12

312 ill

i11 310

310 39
J9 J8

J8 J7

J7 J6

J6 J5

J5 J4

34 J3

+7.5V Power Supply +)J28 Orange +7.5V

328 5 J27 Bus W-ire

J27 326

*J26 325

J25 J24

J24 J23

323 J22

322 J21

321. 320

J20 J19

319 J18

J18 317

317 J16

J16 J15

+7.5V Power Supply (S) J15 5 Orange +7.5V

Ji6 5 Front Panel Anode Yellow +7.5V

LED Indicator

-7.5V Power Supply J-) 14 E Blue -7.5V

J14 E J13 Bus Wire

J13 J12

312 311

311 J10

J1 0 39
39 J3

J8 J7

J7 J6

J6 J5

J5 J4

J14 J3

-7.5V Power Supply J 28 E Blue -7.5V

J28 L 327 Bus Wire

J27 J26
326 J 25t
J25 326
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BACKPLANE WIPX- LIST -RECEIVER

FROM TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

J25 E J24 E Blue -7.5V

J24 J23 Bus Wire

J23 J22
J22 J21
J21 J20

J20 J19
J19 J18
J18 J17

J17 J16
J16 J15

--7.5V Power Supply (S) 315 E Blue -7.5V

316 E Front Panel Cathode Red -7.5V

LED Indicator

315 7 33 7 Red +3V

J334 Bus Wire
34 J5

3 5 36

36 J7
37 38

38 39
J9 310

311 312
312 J13
313 314

315 316

317 318

318 319
319 320
320 321

321 322

322 J23
323 J24

324 325

325 326
326 J27

327 J28
316 7 Front Panel Anode Green +3V

LED Indicator

315 J43 Yellow 1

J3J Bus Wire

35 1J6
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BACKPLANE WIRE LIST - RECEIVER

FROH TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

J7 H J8 H Yellow -3V
J8 J9 Bus ire
J9 J0
J0 ll
ll J12

J12 J13
J13 J14
J14 J15
J15 J16
J16 J17
J17 J18
J18 J19
J19 J20
J20 J21
J21 J22
J22 J23
J23 J24
J24 J25
J25 J26
J26 J27
J27 J28
J16 H Front Panel Cathode Blue -3V

LED Indicator

+15V Power Supply (+) F/O Board 3,16 Red +15V

Connector

+15V Power Supply (-) F/O Board 5,18 Blue -15V

Connector

5V Power Supply (-) 31 21,22,Y,Z Black Ground
+7.5V Power Supply (-) 3l 21,22,Y,Z Black Ground
-7.5V Power Supply (+) 31 21,22,Y,Z Black Ground

31 21,22,Y,Z J2 21,22,Y,Z Bus Wire Ground
J2 J3
J3 J4
J4 J5
J5 J6
J6 37
J7 J8
J8 J9
J9 3l0
j31 ll
3ll J12
J12 J13
J13 J14

5V Power Supply (-) J15 21,22,Y,Z Black Ground
+7.5V Power Supply (-) J15 21,22,Y,Z Black Ground

-7.5V Power Supply (+) J15 21,22,Y,Z Black Ground
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BACKPLANE WIRL LIST - RECEIVER

FO____ TO COLOR SIGNAL

CONNECTOR PIN CONNECTOR PIN

J15 21,22,Y,Z J16 21,22,Y,Z Bus Wire Ground
J16 J17
J17 J18

J18 J19
J19 J20
J20 J21
J21 J22
J22 J23
J23 J24
J24 J25
J25 J26
J26 J27
J27 J28

J15 21,22,Y,Z Front Panel Cathode Black +5V,+7V,+3V
LED Indicator Ground

J15 21,22,Y,Z Front Panel Anode Black -7V,-3V
LED Indicator Ground

Jl 21,22,Y,Z FfO Board 9,K,22,Z Black Ground
Connector

+15V Power Supply F/O Board 9,K,22,Z Black Ground
Ground Connector
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BACKLAUE WIRE LIST -RECEIVER

FROTH TO CABLE SIGNAL
CONNECTOR Pll BACK PANEL CONNECTORAIL0OU

314 13 lAl Coax* lAlJ14 16 1A2 1A2J14 19 IA3 1A3
J13 13 iBi 1131J13 16 IB2 1B2J13 19 1 D 3 1B3J13 20 1 B4 1B4J12 13 1171 1.- 1J12 16 1C2 1C2J12 19 1C3 1C3J12 20 1C4 1C4i11 13 IDI lDli11 16 1D2 1D2311 19 1D3 1D3311 20 1D4 1D4310 13 lEl M~310 16 1E2 1E2310 19 1E3 lE 3310 20 1E4 1E4J9 13 IFI iFiJ9 16 1F2 1F2J9 19 1F3 1F338 13 2A1 2A138 16 2A2 2A238 19 2A3 2A3J8 20 2A4 2A4J7 13 2B1 2 BiJ7 16 2i;2 2 B2J7 19 2B3 2 B3J7 20 2134 2 B436 13 2C1 2C1J6 16 MC 2MCJ6 19 2C3 2C336 20 2C42C
J513 2D1 2D1J5 16 2D2 2D2J5 19 2D3 2D3J5 20 2D4 2D4J4 13 2E1 2E134 16 2E2 2E234 19 2E3 2E3J4 20 2E4 2E4J3 13 2F1 2 FlJ3 16 2F2 2MF33 19 2F3 2F3

*Coax shields are connected only to the back
panel connectors
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BACKPLANE WIRE LIST - RECEIVER

FROM TO CABLE SIGNAL

CONNECTOR PIN AACK PANEL CONNECTOR ANALOG OUT

J28 13 3A1 Coax* 3A1
J28 16 3A2 3A2
J28 19 3A3 3A3
J28 20 3A4 3A4
J27 13 3B1 3BI
J27 16 3B2 3B2
J27 19 3B3 3B3
J27 20 334 3B4
J26 13 3CI 3C1
J26 16 3C2 3C2
J26 19 3C3 3C3
J26 20 3C4 3C4
J25 13 3D1 3D1
J25 16 3D2 3D2
J25 19 3D3 3D3
J25 20 3D4 3D4
J24 13 3E1 3E1
J24 16 3E2 3E2
J24 19 3E3 3E3
J24 20 3E4 3E4
J23 13 3F1 3F1
J23 16 3F2 3F2
J23 19 3F3 3F3
J22 13 4A1 4A1
J22 16 4A2 4A2
J22 19 4A3 4A3
J22 20 4A4 4A4
J21 13 4B1 4BI
J21 16 4B2 4B2
J21 19 4B3 4B3
J21 20 4B4 4B4
J20 13 4C1 4CI
J20 16 4C2 4C2
J20 19 4C3 4C3
J20 20 4C4 4C4
J19 13 4D1 4DI
J19 16 4D2 4D2
J19 19 4D3 4D3
J19 20 4D4 4D4
J18 13 4E1 4E1
J18 16 4E2 4E2
J18 19 4E3 4E3
J18 20 4E4 4E4
J17 13 4F1 4FI
J17 16 4F2 4F2
J17 19 4F3 4F3

* Coax Shields are connected only to the back

panel connectors.
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6.11 SCHEMATICS

Description Drawing Number

1. Coder Board 317-01-1

2. Decoder Board 317-02-1

3. Multiplexer Board 317-03-1

4. Demultiplexer Board 317-04-1

5. Line Driver-Transmitter 317-05-1

6. Line Driver-Receiver 317-06-1

7. ±3 Volt Power Supply 317-07-1

8. Chassis Wiring - Transmitter 317-08-1

9. Chassis Wiring - Receiver 317-09-1

10. Fiber Optic Transmitter Board 317-10-1

11. Fiber Optic Receiver Board 317-11-1

- Spectronics

12. Fiber Optic Receiver Board 317-12-1

- Maxlight

13. Fiber Optic Receiver Board 317-13-1

- Meret

14. Computer Interface Board 317-14-1
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FIBER COM [APRIL

SFED - SERIES 19718

F Z IE IBEROPTIC EMITTER DRIVERS

*LOW COST

*SMALL SIZE

*TTL COMPATIBLE

0OPERATION TO 25MBPS RZ

*24 PIN DIP CONFIGURATION

The FED series is comprised of several LED drivers designed for fiberoptic use.
Each requires only an emitter or emitter assembly and a 5 volt power supply to
realize a complete TTL compatible fiberoptic transmitter. The units have either
adjustable, or fixed and compensated drive currents. They are encapsulated in
24 pin dual-in-line plastic packages.

PINOUTS AND CONNECTION DIAGRAMS

FED- ID +5

7. +5V L2F 7 8 72u
8. RL 161
16. Output 16-
18. Strobe-LELD

22. GDt 2n FED-11O 22 20FED-ID 22

23. GND 023 0-23
24. GND 1 24 1821

FIGURE I FIGURE 2 -

+5
FED-2D/3D/4D

8. +522u
13. OutputI
18. GND 7 FED-
24. Data In 2/3/40 I LED

24 18

FIGURE 3

RADIATION DEVICES CO.,INC. eP.O.BOX 8450 OBALTIMORE.MD. 21234 U.S.A.O(01628-2240
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SPECIFICATIONS

FED-ID
2  

FEO-=D

PARAMETER
I  

MIN. TYP. MAX. MIN. TYP. MAX. UNITS

Power Supply 4.5 5.0 5.5 4.5 5.0 5.5 V
Supply Current

Input "1" 170 200 80 90 mA
Supply Current

Input "0" iO0 125 65 75 mA
Peak Emitter

Drive Current IOO 300 75 mA

Electrical Risetime 15 20 4 6 nsec
Electrical Falltime 5 10 4 6 nsec
Electrical Bandwidth 25 25 MHz
Optical Risetime

3  
55 60 SEE nsec

r Optical Falltime 20 25 nsec
Optical Bandwidth TABLE

(-3dB @ Receiver) t0 16 MHz
Optical Bandwidth BELOW

(0.5 Optical Power) 15 20 MHz
Data Input I standard TTL load 2 standard TTL loads
Temperature Range

(operating & storage) 0 70 0 70 OC

FED-2D FED-3D FED-4D

IMN. TYP. MAX. MIN. TYP. MAX. MIN, TYP. MAX. UT

Optical Risetime
3  

25 30 22 30 15 20 nsec
Optical Falltime 20 25 18 25 14 20 nsec
Optical Bandwidth

(-3dB @ Receiver) 15 20 10 17 15 20 MHz
Optical Bandwidth

(0.5 Optical Power) 20 25 15 20 20 25 MHz

NOTES: I. Test data was taken with the modules driving the following or similar
light emitting diodes: FED-ID - FOE-3 with Vf=I.7V and C-l150pf

FED-20 - FOE-3 with Vf=I.7V and Co-ISOpf

FED-30 - FOE-I with Vf-i.3V and ColIOOpf
FED-4D - FOE-9 with Vf-l.6V and Co- 30pf

2. FED-ID has an internal limiting resistor which supplies a drive of
lOOmA (Figure I). However, other drive currents may be externally
set (Figure 2) up to 300mA maximum.

3. Certain types of LED's will exhibit slower risetimes at elevated
temperature.

MECHANICAL INFORMATION

N1 Pin At 1.245 .795
Beveled
Corner

MATERIAL: GF Nylon UL Rated 94V-0
l l FINISH: Natural Black
Li0 Typ. PINS: Gold over Nickel On

-- m 1/2 Hard Brass

RADIATION DEVICES CO..INC, P.O BOX 8500BALTIMOPE MD. 21234 U.S.A. @(301)628-2240
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OPERATING CONSIDERATIONS

STANDARD CONFIGURATION

The FED-ID is a general purpose driver which can be used with any emitter requir-
ing any forward current to 300mA. Figure I shows the use of the lOOmA internal
limiting resistor while Figure 2 shows the connections necessary for using an ex-
ternal limiting resistor. FED-2D/3D/4D's are connected as shown in Figure 3 and
have fixed drive currents of 75mA.

BYPASSING

Bypassing the power supply at the module with a 220uf capacitor may be necessary
to minimize switching spikes on power supply lines.

STROBE (FED-ID ONLY)

The output may be disabled by pulling the strobe input (TTL compatible) low. If
not used the strobe pin is left unterminated. The strobe function is useful where
a single source of data must be linked to several selectable data sinks.

ADJUSTABLE CURRENT (FED-ID ONLY)

Figure 2 shows the connections for a forward diode current (If) other than IOOmA.
RI should be non-inductive, have an adequate power rating and be chosen so that
If does not exceed the LED continuous forward current rating.

R= Vcc -'Vf and PDRI-(Vcc - Vf)lf

If

where:

R1  load resistor (ohms)
Vcc - power supply voltage (volts)
Vf - LED forward voltage @ If (volts)
If - LED forward current (amps)

PORI - power dissipation Ri (watts)

SELECTION OF EMITTER

The FED-ID, being a general purpose driver, does not require careful matching of
the emitter to the driver. However, LED's having large junction capacitances will
exhibit slow risetimes which will produce a non-symmetrical light output when the
FED-ID is driven by a square wave. The remaining modules in the FED series have
equal rise and fall times and careful matching of the driver to the emitter will
produce a symmetrical light output. Radiation Devices Co., Inc. will be happy to
assist in the selection of the proper driver or reconfigure the output circuity
of the FED modules to match any emitter.

ACCESSORIES

FIBERCOMTM FOT terminals, which accept FIBERCOMTM FOC cable assemblies, may be used
with metal cased TO-5 and TO-I8 or T-l 3/4 plastic encapsulated devices. Complete

emitter assemblies matching the characteristics of the FED series modules are avail-
able as the FIBERCOMTM FOE series.

RADIATION DEVICES CO., INC.* P.O.BOX 8450 OBALTIMOREmO. 21234 U.S.A. 9(301)628-2240
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MODEL 6000 RECEIVER

FUNCTIONAL DESCRIPTION

A block diagram of the Model 6000 Receiver is shown in Figure 3.
The receiver contains a pigtailed detector, a pre-amplifier, post
amplifier/regenerator and ECL/TTL translator and buffers.

The detector used in the Model 6000 Receiver is a silicon PIN photo-
diode, which is operated in the photoconductive (current) mode with
a reverse bias of about 9 volts. At 850um, the operating wavelength
of the GaAlAs LED used in the Transmitter, the responsivity of the
detector is typically between 0.5 and 0.55 A/W.

The detector is interfaced to an AMP fiber optic connector via a pig-
tail of Maxlight SC-300B PCS fiber. The use of this large core (300um)
large NA (.41) fiber assures compatibility of the receiver with 200um
core PCS fibers with virtually no interconnection losses (less than
.5dB without index matching). Maxlight uses its FIBERSLEEVETM for
mating the fiber to the AMP connector, thus avoiding the common pro-
blems of "punch through" and centering that plague other PCS connection

* techniques.

The photoinduced current provided by the detector is amplified and
converted into a voltage signal by a transimpedance amplifier. The
transimpedance amplifier is a low noise amplifier with a feedback
resistor of 22kfl shunted by approximately .17pF. To the first order
the value of Rf determines the gain and bandwidth of the pre-amp.
The combination of the detector and transimpedance amplifier yields
an output of approximately 10mv per microwatt. Since the noise limit-
ed performance of the amplifier is less than .5uw, detector leakage
current and DC amplifier drift due to temperature, power supply, and
component aging become significant with respect to the desired signal.
Therefore, the transimpedance amplifier is capacitively coupled to
the post amplifier to eliminate these effects. One consequence of
this AC coupling technique is that the DC level of the output side
of the capacitor is a function of the duty cycle of the received
signal. This ordinarily necessitates an AGC circuit and variable
threshold comparator in order to maintain the optimum (mid value)
threshold for all amplitudes of received signals. In the Model 6000
Receiver, the threshold is fixed and is adjusted to be mid value for
50% duty cycle signals. This approach avoids the complexity and at-
tendant problems associated with the AGC approach. Another conse-
quence of AC coupling with the threshold adjusted to mid value (essen-
tially DC ground plus or minus bias currents) is that there is some
minimum signaling rate as well as some minimum average amplitude which
must be maintained or the capacitor will be discharged to a level with-
in the uncertainity region of the regenerator and noise will be gener-
ated on the outputs. The noise is manifested as edge or phase jitter.
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The post amplifier/regenerator increases the amplitude of the signal
from the transimpedance amplifier to a usable level and then regen-
erates the edges essentially by comparison to a fixed voltage thres-
hold (0.Ov).

The post amp/regenerator is followed by translators/buffers that
convert the signal into standard logic family levels, namely ECL
and TTL. Both inverting and noninverting outputs are provided in
ECL and TTL compatible formats enabling the driving of differential
inputs at the user's interface. The ECL signals are internally pull-
ed down to -5v through 510jl resistors so that no external pulldown is
required. 5011 lines can be driven with the ECL outputs by AC coupling
into the coaxial line and terminating with 501n at the user's interface.
The TTL outputs are industry compatible and will drive 10 standard TTL
loads.

INSTALLATION

All power and signal connections for the receiver are accessable at
the pins underneath the unit. These pins are 0.018 inches in dia-
meter and will plug into a universal wire wrap board or alternative-
ly the unit may be mounted on the user's PC board. In applications
where the unit is mounted other than top up or in applications with
excessive vibration, it is recommended that the unit be physically
secured by means other than the electrical pins. This may include
nylon cable ties or spot tie cord around the unit and PC mounting
board, or alternatively 2 screws may be removed from the bottom cov-
er and replaced with 2-56 screws which pass through the PC mounting
board and secure the unit to the board.

ELECTRICAL CONNECTIONS

The recommended connections for operation of the Model 6000 Receiver
are shown in Figure 4'.-). In this configuration, the user supplies
±8vdc to ±15vdc, and the receiver's internal regulators provide the
required 15vdc. While this implementation dissipates somewhat more
power, it is preferred where possible because of the isolation afford-
ed the sensitive, low level amplifier circuits.

Figure 4(b) illustrates the connection required for operation from ex-
ternally regulated +5v, -5.2v supplies. Additional components are nec-
essary to insure that the front end is minimally affected by power sup-
ply noise or transients. These components should be mounted as close
as physically possible to the respective pins and the load length kept
very short.

GROUNDING AND SHIEDLING CONSIDERATIONS

Great care has been taken to insure that the receiver circuitry is
completely shielded from external E/M interference. The top and bot-
tom covers have been sealed to the nickel plated housing with a con-
ductive elastomer, and should not be removed. In order for the shield-
ing to be effective, it is very important that good grounding techniques
be used (I.E. #26 AWG wire as short as possible). Case ground and si,:-
nal ground have been internally connected to provide the best necessary
shielding.
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TfiERI4AL CONSIDERATIONS

The circuitry in the receiver is mounted over a 0.031 inch thick cop-
per heat sink which is thermally attached to the nickel plated housing.
This technique provides minimum thermal resistance to the ambient which
allows efficient removal of waste energy. The operation of the receiv-
er is specified over a case temperature of -20 to +500 C, so that in
some circumstances additional heat sinking and/or forced air cooling
may be required to maintain the case temperature below 500 C. In par-
ticular, mounting adjacent to other large heat dissipating components
or in small inclosed areas is not recommended unless consideration is
qiven to removal of excess heat.

95

~~go



MODEL 6000 RECEIVER BLOCK DIAGRAM
FIGURE 3

TTL

TTL

PIN TRANSIMP. POST AMP/ LEVEL SHIFT/BUFFER
PHOTO- PRE-AMP REGENERATOR
DIODE
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MODEL 6000O ELECTRICAL CONNECTIONS

/TTL

-8 to
18 1 161 1 1 4 1312 F17 I n-1 Svdc

GND GND n'ND GND TTL TL -5.2-5.2-V
OUT IN P

+5 +5 +5 1
'I) C C (',ND ECL PCHL OUT IN IM

2 1 31 4 5 6+8 to
9- + 5vac

(a) INTE.RNALLY REGULATED

- -17T 1- vdc

18 7 1111 41 1T1 jH lu *t

Gpm ND GD r.D TT TTL-5.25.2-

OUT( INCI

(b XTzLYRGUAE
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INTERFACE CONSIDERATIONS

The Model 5000/6000 System essentially transfers binary digital in-
'ormation which is Intensity Modulated (IM) whereby the optical car-
rier is set to a maximum intensity to represent one binary state ("1"
ror "mark") and a minimum intensity to represent the other binary State
("0" or "space"). The data which is presented to the transmitter to
be intensity modulated must be encoded by the user in such a manner
so as to insure the average intensity is h (Imax + I min), that is to
sjy the data stream must have a 50% duty cycle. Maxlight recommends
that phase or frequency coding techniques be used with the Model 5000/
6000 Systems. These include Bi-Phase L, Bi-Phase M, Bi-Phase S, Fre-
quency Shift Code and Frequency Shift Keying. The other techniques
described either do not have 50% duty factor or require three levels

"j of Intensity Modulation.

Considerable effort has been expended in developing suitable coding
techniques for the transmission and storage of binary digital in-
formation. Individual industries have evolved preferred techniques
to meet their particular requirements in the most cost effective
manner. For example, the telecommunication industry uses Non-Return
to Zero (NRZ) techniques and bipolar codes for most of their digital
lines, while the magnetic recording industry has generally used NRZ
or Phase Encoding (PE) schemes. Figure 5 illustrates some of the
more commonly used codes.

In the NRZ(L) coding scheme, a binary "l" is represented by a high
level, while a binary "0" is represented by a low level. In the
SNRZ(M) method, a level change is used to indicate a "l" (mark) and
no level change for a "0"; the NRZ(S) scheme is the same as NRZ(M)
except that a level change is used to describe "0" (space) and the
absence of a level change for a "I". Both of these examples of the
more general classification of NRZ(I) in which an inversion (level
change) is used to represent one of the binary digits and no inver-
sion delineates the other binary state. The NRZM and NRZS codes are
an effort to create transitions during long streams of either all
ones or zeros, respectively. Other methods, not shown in the figure,
to provide transitions periodically include group coded recording
(GCR) techniques in which a group of N bits in the original NRZL
data stream are encoded to an M bit data stream such that there is
never more than two consecutive zeros or ones, which simplifies
clock decoding; however, a penalty is paid in bandwidth requirements.

The Non-Return to Zero representations allow maximum use of avail-
able bandwidth, but not without limitations. A clock must be regen-
erated at the receiving end, generally accomplished by phase lock
loop (PLL) techniques or by synchronizing an accurate high speed
clock to a start bit. NRZ inherently has a DC level which must be
transmitted or restored, and for optimum recovery of the data at the
receiver the comparator threshold must be variable.

Return to Zero(RZ) coding represents a "I" by a change to the high
level for one half of the bit interval, after which the level returns
to the low value fdr the remaining one half bit interval. A zero is
indicated by no change, i.e. the low level. This technique breaks
up long sequences of ones but requires twice the bandwidth of NRZL
in the worse case (all l's).
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In the Manchester (Bi-Phase Level) code, a "1 " is represented by a
high to low level transition at the center of the bit interval,
while a zero is represented by a low to high level transition.
Alternatively, Manchester may be viewed as one bit-two bit (IB2B)
rCR technique whereby a one is represented by a "10" and a zero is
represented by a "01". In the Bi-Phase Mark (Bi-O-M) method, a sim-
ilar symmetrical representation is used except that a "1" is indi-cated by no phase reversal. Bi-Phase-M is equivalent to Manchester

encoding of the NRZM data. In Bi-Phase Space (Bi-0-S) representation,
a zero is indicated by a phase reversal with respect to the previous
bit's phase and a one is described by no phase reversal, this is
identical to Manchester encoding of NRZS data.

The PE techniques eliminate the variations in the average (DC)
value because of their symmetry and since there is at least one
transition per bit interval PE is inherently self clocking. Com-
pared with NRZ, though, the phase encoding schemes require twice
as much frequency response in the worse case. The worse case for
Manchester is for a data stream of all l's or all O's, while the
Bi-Phase-M worse case is realized by all zeros and worse case for
Bi-Phase-S is all ones.

Frequency Shift Code (FSC) is a form of frequency modulation, where-
by a "1" is represented by a frequency equal to the bit rate, while
an "0" is indicated by a frequency equal to half of the bit rate.
FSC is similar to Manchester except that Manchester uses the direct-
ion of the center bit transition to indicate the binary data, while
in FSC any center bit transition indicates a one and no transition
represents a zero. The worse case pattern for FSC is all ones, while
the best case data stream is all zeros.

Frequency Shift Keying (FSK) is an extention of FSC in which two
frequencies, both of which are greater than the data rate, are "key-
ed" or gated depending on the binary data value. The example shown
in the figure represents a "l" by a frequency equal to twice the bit
rate and a "0" by a frequency equal to the bit rate. Both the FSC
and FSK coding techniques have 50% duty factors provided that the
frequencies used involve multiples of the bit rate to insure that
only full cycles of each frequency are included in the encoded data
stream.

Pulse Position Modulation (PPM) is a code in which the beginning of
each bit interval is marked by a pulse, and a "l" is represented by
another pulse 1/3 of a bit interval later, while a "0" is represented
by a pulse 2/3 of a bit interval after the sync pulse. PPM code has
a constant duty factor which is not necessarily equal to 50%. There
is no worse case data pattern for this type of code.

Pulse Width Modulation (PWM) is a code whereby the beginning of the
bit is marked by a positive transitions and a one is represented by a
return to the low level after 1/3 of a bit interval and a zero is
represented by return to low level after 2/3 of a bit interval. The
average or DC value of PWM is dependant on the data pattern. The
bandwidth required for PWM is essentially constant regardless of the
binary data pattern.
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In the return to bias (RB) method, three levels are used "0", "1",
and a bias level. The bias level may be chosen either below or be-
tween the other two levels (it may be zero reference as shown in
the figure). The waveform returns to the bias level during the
last half of the bit interval. The RB method has an advantage in
being self clocking, since the clock is easily derived usinq an
absolute value generator. However, the average value of the wave-
form depends on the particular proportion of ones and zeros present
in the data stream. The RB representation also takes more bandwidth
than necessary and it uses three levels.

In Alternate Mark Inversion (AMI) the first binary one is represented
by a "+I", the second by a "-I", the third by "+I", etc. The AMI
representation is easily derived from a RZ binary code by alternatelyIinverting the ones. It has zero average value and is widely used in
telephone PCM systems.

Split Phase Bi-Polar (SPBP) is a Bi-Polar version of Bi-Phase-L. The
• clock is very easily derived from SPBP code and has the advantage of

having a 50% duty factor. However, this code requires excessive band-

width and utilizes three levels.
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Specialists in Optical Communications

Applications Note: )oeri cr of Digital Skini-DIP Links

1. General

MERET Skini-:: otical data links (MDL4700-SKP Series, digital

comprise hiqn-jiection efficiency IR-LED's with integral drivers,

and PIN pnoouiaes with two cascaded transimpedance amplifiers.

2. Transmitter

Skini-DIP links with digital transmitters are TTL-com:patible, emitting

light at logic "0" levels, and turning off at logic "I" levels. One

external resistor is required to limit the forward current through the

LED. This resistor,. Rex t, should be in the range 
of 20n to 1000, for

a bias voltage of +5V. (A recommended value is 750 low forward current

ensured long LED lifetime). It is necessary for the forward LED bias

voltage to be extremely well by passed; that is, a 15uF capacitor should
be placed from the power supply to ground, directly attne 

connection

to Rext.

Pin 10 (+5V supply to TiL iriver) and Rext may be connected to a common

+5V. Note that no connections are necessary to pin 3 (LED cathode),

which may be used as a converient test point for checking operation of

the driver.

If the Jiqit*A transmitter is to be operated under conditions where

average 'urrent drain is in excess of 50 mA, the 
unit should be operate'1

with the neat sink attached. (The o-shaped heat sink slips over the t07

of the Skini-DIP package. The flange may be used for mounting 
to a 71

board if .esired). Note that average current, and thus, power diss-A:;ov,

is a function of three variables: forward bias voltage, duty cycle 3

input signal, and Rext. Therefore, if an average 50. duty cycle signal

is applied to the input, and the bias voltage is +5V through R of 5M

of less. 3 heat sink should be used (see Fig.4 on MDL4777-SKP aa sheet).

3. Rece

Skini-7 - . :tiiize 'IN ohotodiodes coupled to two cascaded amvli-

fiers .. otodiode bias is positive and may be tied to

the - . oin 4 if high frequer.y response is not crit-

ical. s.' :,rnected internally).

Receiver gain mdy i aed by attaching an external resistor between pins

3 and 10. fvain is =actory set atXl.
6 
with internal coupling resistor

equal to 3k ). Second stage gain is described by the equation

8K~2G 
= R-M
G Rc

where Rc, the couoling resistance :an be found by I i
' _ 000 Rext

1815 - 24th Street. Santa Monica. Ca. 90404 9 (213) 828-7496 * TELEX: 65-2448 SNM
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page 2: Applications Note (icital_ S.,ir-DIP ink.

The first stage output gives a responsivity of 4 mV/uW at 900 nm.

Digital receivers are suoplied with a 13008 signal processor (in
anoard OP' 4 , re orss 'he outout to TTL '.evels. 7nal out-

put is taken from adn 7 of the Skin-IP trroun a C1,T :pactor,
and into pin 1 of 'Zie i30 & ;: nal processor. The 1 .S , erares
on an edge-triggering scheme so that the signal may be coupledS tnrough a capacitor without losing the capability of responding to
DC or low frequency signals. Thresholds are typically 30 mv.
An external resistor (Rext) is reauired betveer Dins 4 and 13 of
the 13008. Its purpose is L,- drop the +12, vcltage at pin
13 to a +5V supply at pin 4. 'ris resi-tor jid b in the range
of 175 to 200M. An external ze"er cioe , - s a i':t273' may be
inserted inplace of the re% stor % ,'ov a ilt jol--e drop
to pin 4. Note that otn units - +1 e2V
supply line since the 5kini-UIP and z:,e 13CO ral oro .- %or :0ave
internal decoupling circuits. Pin 4 of tne Skini-DIP ano pin 13
of signal processor should be tied in cormon to the +12V supoly line.

All supply voltages to the 13008 must be fairly "clean" to avoid
false triggering. If there is noise on the supply lines, a .01uF
capacitor to ground is recommended for by passing the supply voltages
at pins 2,4 and 13 of the 13008.
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soeepuflcs ECEIER MDUL

FEATUREI
0 10K bits to 10M bit/sec data rates (Manchester)
III No shielding required
* Couples to wide variety of fibers
, Operation on single 5V supply
* Wide dynamic range 128dB)
* Versatile mounting options

TTL compatible output
Matched to SPX 4140 Transmitter Module

DESRdIIPTION
The SPX 4141 receiver module comprises a

complete optical receiver for digital point-to point
data transmission systems. Input data must be
encoded such that its short-term average value is
constant, and average duty cycle is fifty percent.
Typical implementations of basic Manchester
encoding will meet these conditions although PACKAGE CONFIGURATION
certain other coding and formatting options are
also satisfactory. 6 2 13

The receiver's PIN diode is integrated into an ow 245 - 0051
SMA style optical connector and efficiently 123 - 13
couples to a wide variety of plastic or glass fibers. 45 55
Peak responsivity occurs at 820nm. 33 03o 5 o

Full internal power supply regulation and e+ 13automatic gain control is provided allowing "12 4; 00i
adjustment-free operation over the full operating - 9
temperature range. The output is TTL buffered = 1s 5 Maxmumaowablepeiirason
for direct logic interface. m aximumA ito mopae is 060.

20 02OA Maximum recommended panel
thicknesais 125"

2 5 MN

DENOTES

PIIENSIONS iN Mit.LiMETERS (iNCSE$i
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II

ASOLUT2 MAXUM RATIMN FUNCTIONAL
spX4141 *IAGRAAND

Storage Temperature -55*to +1501C PINC NNECT1iO
Case Operating Temperature. Tc 0 to 95*C
Lead Solder Temperature 260(C

(10 seconds) v.,
Supply Voltage. VCC 7 Volts PM
Detector Bias Supply 30 Volts

OUTS -

OPURA,11 TIHO CONDITIONS
PARAMETER SYMBOL Min Max UNITS

Case Temperature T 0 95
°  

_ C

Supply Volta"e V C 4.75 5.25 Volts
Logic Output

TermInal Loading
5  10 16 mA

Average lnimupower SPX4141-, P,
4  .700 250 JW

SPX4141-2 .400 250 Mw

Detector Bias VAS 1 4.75 25 Volts

NOTES:
5. The receive output will driv, 10 TTL loads but the sensltwity of the receiWr is reduced as the load is incresed from 2 TTL

loads and will no longer ogerte at the soecifled minimum eawer" optlcal in ut power IPil.
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ULECTROOPTIAL CNARACTMMMlS
PARAMETER SYMBOL Mmn Typ Max UNITS

Hi& Level Logic O 24 Volts
Output Voltage ____________________

Low LevelVLogicvolt4
Output Voltage __________________ vt

Short Circuit lw-5m
Logic Output' 1os -54

Supply Current Icc 48 55 m

L~cOutput

Low-to-High 5, t0o ns
High-to-Low tX-) 2 1( 0 nx

Logic Output Pulse t0~. 1 - 0 7 1 s
Width Distortion' t(-)

Logic Output 3n

t Edge Jitter

momO SWIIM WAVEFlORmS
2 vakies scuint le i es i la sexc an i to GN whl r

050h. -iJ

PARAMETER iSYMBOL Mmn Typ Max JUNITS1 ~ Ii~

Optical Aperture 30g

Numerical Aperture NA 302~

Peak Responsivity Ap 820 ':m
Wavelength

TEST LOAD CIRCUIT

LOGIC OUTPUT

,Si'ni 'floulriwliance ' OGN~oI xi i
Ci1Ctu J'AI.riuf sitll i i' , I
2 All CNo01oare rfft N9 14of irwaouleI
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APPUCJ"TON
mucouuinuATNoS
Mou~ onsideratiom

P.C. Board Mounting
No special shielding is needed except the

mounting screws should be used to hold the
module to the printed circuit board and these
mounting screws should be grounded to the
printed circuit board ground.

Warning
Care should be taken that the mounting

screws do not extend into the module beyond the
maximum allowed penetration depth of .060
inches. Damage may result to components
inside module if penetration is beyond the
maximum allowed penetration depth.

TTL GND and GND pins should be tied
together at pins on the printed circuit board.

Panel Mounting
Recommended maximum Panel thickness,

.125". Inside the receiver module, the
ground is tied to the module metal housing.
If a number of receiver modules are panel
mounted a ground loop problem may exist.
To avoid this problem the receiver module
should be electrically isolated from the panel
with insulating washers to avoid ground loops.

ISOy~ of 02 Wm 00
10 t 0229. -000 830 E Arapaho. Richardson. Texas 75081

Printed ift U.S.A. 7-80 (214) 234-4271 Telex 73-0890
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FEATURES
* Precision SMA-type interface for efficient

coupling
e Comprehensive selection of device types

available
* Compatible with single and multifiber cables
e Component electrically isolated from case
* Recessed back for socket clearance

011SCRIPTION
The SPX 3180 and 3190 series consists of two

types of Amprierol 905 Precision optical
receptacles with a Permanently mounted LED or
photosensor The receptacles are easily
mounted on a module case, enclosure panel
r or rinted circuit board The u nits provide

electro-opticai signal conversion in a fioer optic
data link or data Ous system Botn receptacles

j are plated for good heat sinking Shielding
ano dimensional staoility

DEVICES AVAILABLE FOR
INTEGRATION INTO RECEPTACLES-
L5D's
SEt1450
SE 3352 Single Fiber LED
SE 3353 Bundle Fiber LED
Phtonsom

SD 1420 Photodiode
SD 3478 PIN photodiode
SD 1440 Phototransistor
SD 3322 PIN photodiode

t SD 3323 DC/I MHz Detector
SD 3324 Schmitt Detector
ABSOLUTE MAXIMUM RATINGS
(TCASE = 25*C unless otherwise specified)

SPIX 2130, 210

20 O ' 0 -0 '2 . 116-;'o1r5_ . S

-- W . 3 . o , ).? - 2S 65 -- s 6s- .

S .2 .w 50 2c F - 5' 0 2
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TYICAL ELECTrICALIOPTICAL CHARAC STUMTIC (?. = 25C )

POWER COUPLED TEST CONDITION SOLID FIBER DIAMETER
DEVICE NO TO FIBER __________

SPX3180,3190 0.1mW I,- 50mA. NA- 66 1 14mm
SPX3181,3191 07mW 1,-OOmA.NA- 24 1 14 mm

SPX 3188. 3196 100o.W 100mA, NA- 34 100 $m

DEVICE NO. LIGHT CURRENT TEST CONDITION SOLID FIBER DIAMETER

SPX3183,3193 8 AA P,- 50 #.W. NA - 66 1 114mm

SPX 3184. 3194 25#A 1 P, - 50 W. NA - 24 1 14 mm

SPX 3186, 3196 2mA P' = 50/MW. NA - 66. 1V - 5V CE j 4m

SPX 3187.3197 8 mA P, - 50 stW, NA 66,_______ _______5 = VCE I 1 14m

SPX 3189,3199 12pA P. = 50 0W. NA = 34 100,m

PACKAGE OUTUNES ----

so
- 1E41

F-4
36

12.70 11 10 01A i ~ j

so 2.3 X X

ALL 0IMENKWSO IN ML.ETER 
1HE

109



oparameson fHn ti ae elnl omoetdaaset

Select the device best surfed for the particular application based
Detailed characteristics for the available opto devices are listed in
separate daa sheets. Contact your Spectronics representative for this
I.rat boder receptacles, complete part numbers are detay-

mined as follows:

UNMOUNTED MOUNTED COMPONENT
COMPONENT ASSEMBLY

Plang Mount PC Mount
SE-1450 LED SPX 3180 3190
SE-3353 Bundle LED 3181 3191
SD-3324 Schmitt Detector 3182 3192
SD-1420 P1otidooe 3183 3193
SO-3478 PIN Photodiode 3184 3194
SO 3323 DC/i MHz Detector 3185 3195
SD 1440 Phototransistor __ 3186 3196
So. 14 10 PhotodaI no -3187 3197

PSD 3352 Snrgie F,ber LED 3188 3198
SO-3322 PIN Photod,ode 3189 3199

CAMUS
Spectronics also has available five types of fiber optic

cables in user specified lengths. terminated in 905 compatible
connectors. The pan numbers for these cables are determined
as follows:

CABLE TYPE SPX PART NO.

ITT T433 SPX-4029-XYZNo
Galileo Galite 2000 SPX-3131-XYZ wit
type 200T
ITT T485 SPX-4539-XYZ Nor-.

Stecor Si 142 (single fiber) SPX-3582-XYZ NJow

Siecor St 133 SPX-4577-XYZ

For pricing information, contact a Spectronics represenative.

NOTES
XYZ speicifies lenigth where XY are significant digits in centenereers
and Z is power of ten multiplier

ORDERING INFORMAIMOR
Dasth numbers (YYY) are the same as those assigned to

the component mounted in receptacle. Assemblies should
be ordered with dash number of desired component

EAaPLI
An SE 3352-003 mounited ins afange receptacle would be ordered as
an SPX 3180-003
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240 miw TYPICAL OPTICAL POWER

IN THE CORE OF THE FIBER PIGTAIL

40 MHZ OPTICAL POWER BANDWIDTH

820 rum PEAK EMISSION WAVELENGTH

CUSTOM OEVICES AVAILABLE

ChaaciurisIcS £Mautiitum Ratings a 27C

Symbol Min. Typ Max. Units

Total Optical Power Output at 100 MA D.C.

(Power into Fiber Core IRE.160 Po 200 300 iw
with Cladding Modes I. ...2
Stripped) IRE-160FA PoF., 180 240 uw

IRE-160FB POFb,, 40 50 uw

Forward Current D.C. Io, 100 150 ma

Pulsed
01m sec. 1

0
PRF) I_. 750 ma

Voltage Forward at 100 MA D.C. V, 2.0 volts

Reverse V. 3 0 volts
Peak Wavelength of Emission 'NP se 820 see nm

be low below
Spectral Width (50% points) .1., 40 nm

Bandwidth - Optical Power 3db points
lF = 20 ma D C.. 20 ma peak-to-peak 40 MHz

Rise Time of Optical Flux T. 14 20 ns

Operatig & Storage Temperature T, -40 -85 C

IRE.'60 - Without Flow Pigiail with EliOoeO Etnmlng Surface

.,to 17 Halt Angle
IRE-16OFA - Win 0 48NA 100.l Core 125n 0 D Slet, Inde,

ai Glass Fiber P qiat
IRE. 16F0S - WO 0 22 NA 55.r Core 25. i 0 D GradO I1.

all Glass Fiber Pigi.
Wavelength Selection Siandlrd waveienqtns t elween 805 nm and

835 nm Wiivetengs irom 790 nm to e0 nmn
ate avaltaie on sos.0l order
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AE.AT,.E OWEo 3.T ... AR, E PURENT RELTIVE POWEA OUTUT ,. MOOARTON EAE..UE AATPUT SPECTRA

A No

CUARENT IN LLLAMPS EREOUENCV ,N

7 IRE -160F

G Lm FERJJL LN-HEAH K- -O-F8ERL-SLEEVE

-32 u-NO.

IRE - 160 82UJEAI

DIMENSIONAL CHART I RE-i160. IR E -160 F) B
I- 80 INHE ILLIMETERS

SYMBOL _- - WRENCH FLAT E -JA 225 571RMINAL

8 875 2222

C 185 469
0 060 1 52 Laser Diode Laboratones. Inc. reserves the right to make such changesE 275 6 98 at any time as deemed practical and or necessary to improve design and
F 005 12 to supply the best possible product.
G 115 2 92 Information provided is believed at this time to be accurate and reliable.
H 50 i2 70 responsibility is assumed for its use nor for any infringements on thei 330 8 38 rights of others

i 1200 30480

K T00 2540

L 155 393

M os 2.48 a- A OL1

LABORATORIES INC

1130 SomersI Si9.I New StuinsweCl. Now Joe,.y 08901

Te 201.249.7000 R TWX 710-998-0597 R A Suibtld.ry of VALTEC Corort,on

LO -579-R
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CMOS Mi- 2 5 5 law
CODEC set BEEISSiliconix

desge~d for.. a Minimizes System Power Requirements
Standby Power 11 mW Typ
Typical Power 80 mW

U Cha nel anksReduce: External Component Requirements

(U Cntrl~ficesandPABS *Easily Interfaceda Ce tra Off cesand AB* Eliminates Channel Croastalk Problems
* Elminates External Signalling Logic

E M icopro esso Inlt e* No External Zero Code Suppression Required

URemote Data Acquisition Systems SytmNos4rolm
*No External Sample and Hold or MUX

N Autio Delay Lines e~toiogRequired o

Bandwidth Applications
03.5 to 9 KHz Bandwidth Possible With

DESCR~fClock Frequency From 1.25 to 3.0 MHz
,.xDeljlv-Jerl is an A/D converter which hate transfer characteristic conforming to the telecommunication industry

A-;%e. It counterpart, the DF332A or 13F334A 1 (decoder) is a 0/A converter which also conforms to the M*-25 5 law.

Together the DF331A and DF332A or DF331A and DF334A form a CODEC (coder-decoder set) which is designed to meet
the needs "f the telecommunications industry for per channel voice frequency CODECs used in PCM Channel Bank and

* systems. Digital output and input of the coder and decoder is in serial format Actual transmission and reception of
8-bit data words containing the analog information is typically done at a .544 megaibit/sec: rate with analog signal sampling
occurring as an 8 KHz rate. A sync pulse input pin is provided for synchronizing transmission and reception of multi.
channel information being multiplexed over a single transmission line. The DF332A and DF334A differ in the output
device for the A/B signal output pins, refer to the Functional Description. The devices have TTL logic input levels of 0-6 V
and 3.4 V that are compatible with TTL logic using a pullup resistor to +i5 V, they directly interface to CMOS logic.

FUNCTIONAL BLOCK DIAGRAMS PIN CONFIGURATIONS
Dual Iisliim Packae

PLASTIC DIP
aODE NUMBER: DF331ACJ

SEE PACKAGE 7
CERAMIC DIP

OF331A ORDER NUMBER! OF331ACP
SEE PACKAGE 11

Duel In-Lime Pedsaee

ORDER NUMBER: DP322ACJ. DF334ACJ
LIEEPACKAGE 7

0P332. DPI4A RDER CERAMIC DIP
DF33A. O33" RDERNUMBER: DP32ACP, DF334ACP

Flows 1 SEE PACKAGE I1I
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ABSOLUTE MAXIMUM RATINGSR

Vin (Digital Inputs) . -0.3 V, < Vin < +V +0.3 V V0 (Digital Output) DF33lA, DF334A. .- 0.3V<V0 <l5V ra
Vin, (Analog Inputs) -V -0.3 V. < Vin < +V +0.3 V VA/B Signal Out 0F332A. . V+0.3 V oz V0 >'-7.5 V ad

+V0<+V< liv Operating Temperature 0Oto 70*C
-V ... -11 V< -V<O Storage Temperature -55 to .125*C 3
+Vref . . . . ... . . V < +Vrf < +V Power Dissipation 450 mW
-Vrf...............V < -Vref < +V Derate, 6.5 mW/

0 C above 25'C

Absolute aximrumr Ratings are stress; lim~its only. Exceeding these limtits may, cause. device dwega Electrical Characteristics defin, the
function'al operating limirs. 3

ELECTRICAL CHARACTERISTICS %A
All DC parameters are 100% tested at 25'C. Lots are sample-tested for AC parameters to assure conformance with specifi-
cations.

jA- V yen Cg.,e Se. Wies 2

chare"Wasic TypUnit Clc - 1.-544 MHz. Soil Main - I It~

Mi., TyV -a * 7.5 V ,-V , ,e e- - .0 V ,-V - -7 .5 V ,

DC Characteristics OF331A (Coderi 
V . ,RL- 2 .C 25P

,n (Analog) Analog input Current 0 5 mA See Note 3

2 ,inl. (Clock) Ciock, Input Lowv Current -0.1 -t100-
- - - VIN 0

3 Nis 1-1 iSycI Sync Input Low Current -01 -100
p nA se

I,rrM lCiocki Clock Input Higfr Current 0 1 10

5 T ii'~, ISynci Synic Input High, Current 0. 100
7
51

S
6 Fti (AnaIo Analog input Series Rensisance 1 KS1

200 - Present During Samnpling Time Oniy

a Voffat A-alog Input Off set Voltage 5 t0 wV

9: :zo : Angl0 iial ouput enCapcrunce _________-_____ Se

VON ined Digital Output High Voltage 12 IOH - 10vA es

12 1 Poemtiv Supply Current 2.S 6 Ciock - 1,544 Miz 0

13 i Negative Supply Current -2 -6 Samipie Rate - 86kHz
S - - - MA

14 U 1 stdbv Standby Positive Supply Current 0.6 Aao rud(i)Oe
's : Isdv Standby Negetive Supply Current -0.05

16 L - Supply Toierance !r0O

17~~~ 1,f omoRfrneCret35A Average Current See Note 3
liIS Iref Negative Reference Current -3.5

AC Character~ge OF331A iCodesi

20 tWisni Drgptai Output to Sync Delay Time 75 130

21 tdioisl Digital Output to Sync Delay Timte 165 220

D d0 Digitai Output to Clock Deiay Tinme 65 130 See Figure 2

23 tdb Digitai Output to Clock Deay Time 1 70 130 nt
N

24 A fit, Digital Output Fail Timte 6S 130

25 troI Digital Output Rite Time 17S 2W0

26 C t
55 

(mini AIR Signaiing inpu-t Setup Time 20SeFur
27 le" (miiI AIR Select Setup Time 00

26 DCc Clock Duty Cycle 30 70 %

29 tcony Complete AID Conversion 18 lcs
29 Irony Sampling, Data Storage. Resetting) 16 clck

0D 1979 Siren, ncorperatao
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ELECTRICAL CHAR1ACTERISTICS (Corn'dl

SAll DC parameters are 100% tested at 25*C. Lots are sample-tested for AC parameters to assure confor'mance witht specifi-
cations.

TA - 2-C T- C-ade...... S. Noa I
*V.ad-nt j91 'A- I7. V. V..,VC4.. To a Ut..* V -3.0 V. Meet, - 11644 M.

4 -~ aSonoOFg OV33200ty: I _

l 5) Lalcl l8 otv _ _ I- .1-1 0 .. t nt0

49 3 '01.~~ -S9Anab l Anlo 0 g. 1 1 o. d Cuot F3A n,-cO'0 O

4 lo" ASnotIf Alo Cutot Sl oa. I O02rn 0 Vol, Sc 5a In vt~to cwtc . o

9 so V , AnMo otut t. Volt a 50.0 1.

NOTOOLl ~ tlufiN A S upoII-Ch Guttt 03 05 10 = 5n

7 Llnaig Anoatlc Cuou~tn. L oad~n 35 o OF AO..Ctoo o at

17 tA. Syncli tNo9 Clok Dolen Tont m 25 IS0Sa0IPtOt~u tnal . .

9 ~ f, n Clo tot of., Tnt. 15 Sn.qt.

I I , Intn 0,0 Sl- StoO ,nt - 1000

2 1c -lb -' o P.11, SMCulen 0 n

22 I Slow 3 V o . uoC 1- - 0 Analog Out..d ., 51010. Ow~. ~ tO o

23 C Slw *3Vt L .M V AnalWogo tot50 a

24 Ito Analo I ot-~ Rate-. .t. Sl t

tcoco ~ ~ ~ ~ ~ ~ ~ ~ -CO-tIt S"Cn~~~~.Otaot t 3ot clck

AnC. Clefottent.0..33. OF334 Ino Do atu0 PIa . P23. C3

36 1 d. SVM to ?otal Oelotct T t~ Ot5 39 0

32 S1 Clocktol ,tonoi S tncM.O Delay 3-0 3d ,

29 I02 0to 003. 10 C3to SoO..T-

a~d~. ICew .. I ,.-11 , T
20 V~ _ dw~ o S.oota S"W"a5

31 T -t 0do .ttl~ Pu- oSlu .. TM I o . 3t-Sdw

22 ".osaooot3V to. -a" Ot,t. Role 01 .35

logO~~~V. CCLoo N-a C10t00"301t

C-ulC. W on - i,-Difl,
25 ~~~ ~ ~ ~ 1 tlnaog01-cOIqJ3

S~da- Ch adionef o.Pt naftea Perd. O.o. O FMA.. o 00:334A

26 Noc . toP3 Total Dn33AAI To. , o f Aa1o5o 39 I]Otton A t 30 dem o,.00toV1
Ora W-,,t Ca.. TW lNd,

27 yO /a ca- - 01.0.1. -In. Adfnde ooln, and nnt bPt, to Otouotoo1o

'aO St a 0.0 -0,t~o is l025 P., -lc-tw tt3 to anot oct00 attenoat3oV

Go~~cto at.- lottlo of. Getn 1to 05 -70-

30 y 5cP., 40Stol50 tISMf -0 O@0llot

S G 0d8.6In-,S.-sd.1 115.



FUNCTIONAL DESCRIPTION

i Analog Input (Coder DF331A): The analog input accepts Reference Voltage Inputs (Coder and Decoder): Positive
signals which have peak amplitudes less than the value of and negative DC reference voltages are required for both
the voltage references, and which are bandlimited to less encoding and decoding. The maximum analog signal swing

than 1/2 of the CODEC Sample rate, is set by the reference voltages.

( Digital Output (Coder DF331A): The digital output of the Signaling Inputs and A/B Select (Coder DF331A): Two

IW6 encoder is an B-bit serial bit stream which is a sign-plus- signaling inputs A and B are provided on the encoder
magnitude binary representation of the analog input. This allowing insertion of digital signaling data into the trans-
output is an open drain N-channel output, which allows mitted bit stream, which allows telecommunications users

1 for easy wire-OR multiplexing. to transmit digital signaling information along with the
01 data stream. When signaling is enabled, the voice signal is

V) Sync Input (Coder and Decoder): The sync input accepts encoded with only 7 bits, the 8th bit being used for
a sync pulse which should be 8 clock periods wide. The signaling. The signaling function is enabled by the aplica-

period of the sync pulse sets the sample rate. The sync tion of a transition to the A/B select input. A positive

pulse causes the encoder to serially shift its digital output transition at the A/B select input will insert the data at the
data out at a rate equal to that of the clock, and it causes A input into the 8th bit (the LSB) position in the trans-

the decoder to accept the serial digital data. mitred word, whereas a negative transition will insert the'1 data at the B input into the 8th bit position in the trans-
mitted word. Refer to the timing diagram in Figure 4. To

Clock Input (Coder and Decoder): The clock input accepts disable signaling function, simply tie the A/B select input
a clocking signal which sets the data transmission rate for to logic high or low, so that no transitions appear.
the CODEC, and also provides the clocking of the internal
CODEC logic. Typical clock rate is 1.544 MHz, Signaling Outputs and A/B Select (Decoder DF332A,

DF334A): Two outputs are provided on the decoder
Digital Input (Decoder DF332A, DF334A): The digital to output the signaling data. Application of a positive
input accepts the B-bit serial data output of the encoder transition to the A/B select input places the 8th bit (the
upon reception of the sync pulse. LSBI of the transmitted word at the A signaling output.

Application of a negative transition to the A/B select
Analog Output (Decoder DF332A, DF334A): The analog input places the LSB at the B signaling output. These

output of the decoder is in the form of voltage steps outputs are open drain P-channel outputs on the DF332A
having a width equal to the inverse of the sample rate, and are open drain N-channel outputs on the DF334A.
with amplitude equal to the value of the sample of the Refer to output schematic for configuration, and to Figure
signal taken at the encoder analog input. 5 for timing waveforms.

INPUT-OUTPUT CIRCUIT SCHEMATICS

Analog Input (DF331A) Digital Output (DF331A) Digital Inputs

DiGITALOUT SVCLOCK

5.i~,Sr SYNC 1.US

ANALOG IN L j0 - SARRAY

A/B Signaling Outputs (DF332A. DF334A)

Reference inputs Analog Output (DF332A. DF334A)

A.11 SiGNALING OU TPUTS

AOF33U JUeIGNALING OUTPiUTS 
Mei iALoGOUT
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TYPICAL CHARACTERISTICS Positive and Negative
Supply Current

DF331A u-Law Coder Transfer 0F332A I-Law Decoder Transfer vs Temperature

Characteristic Characteristic DF331A

0 o ;I )SiVECURONTr ,I I
4  

1 1 y I

2 ::it - t~~ 1 F1II I
Io I I I I Lz CUAN,

. . I . . . . . ii4 I . E i ,

-VI AL.OG INMqTS MOLT ) Ti ie ; :- 2 WE ATURE( C1

01I1TAL 2M0

Normalized input Offset Digital Output Low Current Digital Output Low Voltage

vs Temperature vs Temperature vs Temperature

DF331A DF331A DF331A

. -,sv V0L
55

.v..7Sv a.0.s6

I I I I 1 .

oeU0 o 5S s ,ssoeoosw ss23056

- E5A1"Ec - T4~k~5WfATU55 CIe T - vwT sIq [C

Positive and Negative A/B Signaling
Supply Current A/B Signaling Output Current Digital Output Low Current
vs Temperature vs VOH and Temperature vs Temperature

DF332A, DF334A DF332A Only DF334A

5.5 25- - - v -

T - .... 4A - - -I'- - - -ElttTm - 'C T rn*t ATtq I

1979 SiH~onE CUorCENT u

11 07

I- , '

- 1 1 - -

0 16 20 M aso 70 05 0 0 2 3 0so 070 90 vs 1s 20 340sos' M 0 0

T - TV02ATURE fC T.- TESPIRATUE VC T.- T5MP550T55 ('C
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TYPICAL CHARACTERISTICS (Cont'd)
A/B Signaling Positive and Negative Positive and Negative

Digital Output Low Voltage Supply Current Supply Current
vs Temperature vs Clock Frequency vs Clock Frequency

DF334A DF331A DF332A, DF334A
as 45 1.---- -r--r--- 0

IK.15E] -'v- Isv- V-sv

.v.... 

V'4A

-- -- TIV CURENT-

lL 05 ,oc.iV5 URE

55105260365a0W 250570 O 0 I 5I 21) is 00 35 'a Is 20 25 30) Is

- TENRATUR 1C) t, - CLOCK FNEUECv 0M1 , - CLOCK FR EUFOCV IMMI

Signal to Quantizing Noise Ratio Gain Tracking

vs Input Level vs Input Level
DF331A/DF332A or DF331A/DF334A Pair DF331A/DF332A or DF331AiDF334A Pair
Sso,

0 - - TA -, 50
TA005 -M C

0
rs

as TrsC ~SPEC LIMIT-

V - iCAL LL IWM E VN - .- ,E

SPE FWrommisFC I AIS T -0211 sN SVC*LPROA

AP P ICAT NS INFORMATION

Poiiv n nea ivevlg refrece shul be byase peio bewe syn puse -is 16 clckpeioswhchiviM - EMPUT SiGNA L LEVEL idim0 V1 - ,PUT SOOaOAL LEVELt eO)

•*W ECiFiCAiOR Li MiTrS FPUS A T T CdANNEL SAMK0- SOC

APPLICATIONS INFORMATION

Positive and negative voltage references should be bypassed period between sync pulses is 168 clock periods, which is

to analog ground with a 10 mF capacitor to supply the peak the time that the encoder requires to complete an analog-
currents required (up to 2 mA) during sampling. Inadequate to-digital conversion (see Figure 6). The maximum clock

bypassing may cause sampling inaccuracy and crosstalk rate for a functional system is 3.0 MHz. The actual sample

between adjacent channels. The absolute value of the voltage rate of the CODEC is equal to the inverse of the period
references should match and track each other to prevent between sync pulses.
asymmetry in the analog waveforms. The recommended

reference value is ±3.0 V. Increasing this level may in- Zero code suppression is included in the A/D conversion to
crease harmonic distortion in the CODEC, while decreasing prevent the transmission of an all zeroes digital output

the references will lower the system dynamic range, code, which could cause a repeater to go down in a tele-

communications system. Should an all zeroes code result
The sync pulses to the decoder and encoder should be from the A/D conversion (indicating a negative overvoltage

staggered as in Figure 6. The sync to the decoder precedes conditionl, then bit 7 in the data stream is forced to a
the sync to the encoder by one half of a clock period to logic "1".

allow for the delay times which can occur if the sync pulse
is derived from the clock. If all syncs and clocks are Open drain signaling outputs on the decoder allow easy
coincident without delay, then the staggering is unnecessary. interface to logic. The open drain P-channel of the DF332A

allows a pull-down to ground or a negative voltage (Vo ;0
All digital inputs will work when driven from TTL logic -7.5 V absolute max) giving logic comptibility with

providing that the outputs of the TTL gates are pulled up CMOS or other MOS logic. The open drain N-channel of
to the 5.0 V TTL supply. the DF334A allows a pull-up to a positive supply (e.g.,

+5 V for TTL or up to +12 V for CMOS). This output hia
The sample rate of the CODEC is determined by the clock logic low level near ground making it compatible with TTL

rate and the period between sync pulses. The minimum or CMOS logic.

a iC79 CilisoIw @PnwS.
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APPLICATIONS INFORMATION

The CODECs can be put into a lower power standby K<25 92) and have very low total offset voltage K<5 mV
condition. For standby, analog ground lines are open at 200 juA current). The VMOS switch shown (VNIOKMI
circuited. Relays or FET switches can be used. Figure achieves these requirements. The decoder is not as critical.
7 shows one implementation for standby switching. For the offset voltage should be minimized K<50 mV); use of a

encoder (0F331A) the switch must be low RCoStON) C04066 CMOS switch is satisfactory.

.10
CLOCK

s_9.i ssv-4

40141 *4 ~cfl.*JJL.J
nsain 34104075w70037* 13L.C3 N 11NI1*

07 SCENT) I

'AbLOC Timing liesLnp 0

Figur 6 -

0
al"Loo I- Ikm
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Siliconix
Function/Application of the

DF331/332 New Companding
9'

[ Converter Chip Set

R

INTRODUCTION Thomas J. Mroz

The DF331/332 CODEC (coder/decoder) chip set offers decoder sampling at a 24 x 8 KHz rate for a 24 channel ,
the telecommunications industry an alternative in clasacal system. Because of analog multiplexing and demultiplexing
channel bank designs and a spectrum of application solu- this system was susceptible to crosstalk problems. Intro-
tions outside of telecommunications. duction of the Siliconix DF331/332 converters offers the C

channel bank designer an alternative system which replaces 2
Being the first commercially produced CMOS A/D, D/A the high speed, high cost converters prevsously required X0

converters to use a conversion technique incorporating a with a low speed, low cost, high performance per channel
binary weighted capacitive array, the DF331/332 offer low LSI circuit. In this new system (Figure 2), each line of
power consumption, 12-bit resolution about zero aund analog voice is individually coded or decoded by a dedi-
72 dB dynamic range. cated converter. Multiplexing is now done after coding 1

and demultiplexing on the receiving end is done prior to
Telecormuunicatim the D/A conversion. This approach virtually eliminates

crosstalk between adjacent channels. Filter type, posi-
Historically. the approach to doing the AID and D/A con- tioning and number remains the same as in the shared
version of the analog voice signals was as shown in Figure 1. converter systems.
This approach required the use of a high speed coder and
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The IA-255 law, which is currently is use in the U.S., defines Pulse code modulation (PCM) is the method by whct
S the transfer characteristic to be used in doing the analog information is transferred between sending and receisis

1%.. (voice) to digital conversion in a telecommunication chan- channel banks. The output of the AID converter consists of

___ nal bank. The IA-255 law itself is defined by the equation. an eight bit digital word which is the resultant of an analogI xl) fer is done at 1.544 M4Hz. Maximum sampling ffequenc.
Fntl = X for the DF331 is 16 KHz when using a 3.088 MHz clockgn n(l +Ri) frequency.

Swhere i 25 5 Digital output of the DF331 is structured as a Sign bit
je.~~ + magnitude (7 bits) word. Of the 7 bits folowing thre

Actual representation of the equation is done in a piece- sign the first three are dedicated to chord selection while
Swise linear fashion. Thus, the transfer curve is comprised of the last four indicate which of the 16 steps within each

16 sections called chords, each of which contains 16 chord contains the analog sample.
discrete steps (Figure 3). Decoding (Figure 4) is accom-
plished by implementation of the inverse transfer charac. Decoding with the DF332 can be done at up to a 32 Kliz
teristic. rate while still using a 1.544 MHz clock.
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Non-linearity of the transfer characteristic results in a Dunng sampling the top (metal) plate of the capacitor
nearly constant signal to Quantizing Noise (S/Nq) ratio over array is connected to ground. The entire array is then Z
a wide range of analog voice amplitudes (Figure 5) This, charged to the input signal voltage via an analog switch
in telephone applications, makes possible a high degree of After sampling is complete, the switch grounding the top
intelligibility when someone is speaking softly or very plate of the array is opened and the bottom plates of all
loudly into a phone. A linear transfer characteristic would capacitors are switched to ground The top plate, being the
result in a constant decay of voice quality as signal levels Input to a comparator, now has -ViN as a voltage Sign of
decreased. the input is determined by examining the comparator out-

put. t
AID, DIA Cusvesn Agoinsad

Upon determination of the sign the selection of the appro- s I

Actual conversions (A/D. D/A) are accomplished through priate reference is made. Chords are now selected by R
the use of capacitive arrays on board the DF331 and throwing the switches at the bottom plates of the capaci-
DF332. For purposes of this discussion the array which is tors. in a successive approximation manner, to the reference W
used to determine the chord in which the sample lies will chosen while monitoring the comparator output. b'J
be called the X-array. Steps are determined by a second
array called the Y-array The X-array contains 256 capaci.
to6s which are connected in a binary weighted fashion. sPcE .. "s
The Y-array contains 16 capacitors connected in a like man- ....... CODEC tPERo.M.MCE

net (Figure 6). Care was taken in layout to minimize edge
effects which could cause mismatch between these capaci-
tors. Top plates (metal) of all capacitors are common and ...... ................

are connected to one of the inputs of a comparator. The ...
other comparator input is analog ground. Bottom plates .

of the capacitors of the array can be switched between..'
VIN. +VREF , -VREF and ground. Principle steps in "
doing an AID conversion are:

1. Acquire sample.
2 Determine sign. C
3. Determine chord.
4. Determine step within the chord.
5. Load output shift register, s ,
6. Reinitiate the system and return to sample mode. o
7. Output data (digital). FigUI 5
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4 During these steps the voltage at the top plate of the array After these determinations are made, the 8 bit binary woC
is defined by the equation: corresponding to the switch positions is loaded into the

CA output shift register. The entire conversion system is then
SVO= x Vr - VIN reinitiated and goes into a sampling mode.
N CA + CB

The next sync pulse presented to the encoder transmits the
where CA is the equivalent capacitance being switched to previous data and starts the sequence over again.
the reference and CB is the equivalent capacitance remaining
switched to ground. Since the capacitors are binary weighted General Consideratiom When Using the DF331/332
Cx8 equals 128 CX. As an example then, if Cx8 was
switched to the reference, the comparator would see. When using the DF331/332 in communication systems it s

128 CX 128 necessary to bypass certain pins to ground to reduce no.
x Vr - VIN or - x Vr - VIN injection into the converters which could be detrimental

z 128 CX + 127 CX 255 to system performance. Figure 7 shows suggested external
components to be used on a D3 channel bank card. Impor.

which also indicates that the reference will be the same in tant to note, is that references are bypassed to analog

polarity as the sample. The comparator output not changing ground rather than digital ground. This prevents digital
after switching Cx8 would indicate that the sample lies in noise from being coupled into the reference pins. Analog
the 8th chord ground must be connected to digital ground at some

point. It's preferable that this point be at the supply or
Step value is determined by switching the X-array capaci- near, to prevent current flow through the analog ground.
tor indicating chord from the reference to the Y.array which would introduce offsets and noise at the analog
buffer output. Successive approximation techniques are input. Decoupling of coders and decoders is accomplished
again used to develop a step voltage. A fraction of this with the 50 n/20 uF networks in series with the supplies
voltage, as determined by the X-array, appears at the and the IK/1O MF networks in series with the references
comparator input. Transitions of the comparator output This circuit is typical of a D3 channel having an 8 KHz
are monitored until the step value is determined, sample rate.
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APPLICATIONS Z
Circuits for various bandwidth requirements are shown in alternately sampling to accomplish a 16 KHz sample rate.
Figures 8. 9. 10 and 11. There exists several ways of This same technique can be expanded to perform a 32 KHz .4
achieving bandwidths wider than the 4 KHz required for a sample rate while needing only one decoder. Figure 10, to
D3 channel bank. Most obvious is a simple doubling of the perform the D/A conversion- This is possible since decoding
clock frequency which allows a doubling of the sample takes roughly a quarter of the time coding requires. Time
rate. Therefore, a 3.088 MHz clock enables the use of a for coding and decoding is directly related to a fixed
16 KHz sample rate. The higher clock rate can prevent the number of clocks. Therefore, doubling of the clock fre-
use of CMOS in external circuitry, however, and the circuit quency enables the use of a sync pulse rate twice as rapid as
of Figure 8 may become more economical from a power previously used. A minimum clock rate of around 700 KHz
stand point. This circuit incorporates the 1.544 MHz. or sets the lower limit for data transmission. No such limit
slower clock rate by using multiple coders which are exists for sample rate, however.
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SaW to Paid ad Pudlld to Saria Data Coanvrice

Often when interfacing external logic to the DF331/332, plus a couple of extra inverters is all that is needed to con-
it may be advantageous to convert to a parallel data format vert from parallel back to the serial format as shown in
after coding end to a serial format again when injecting Figure 13.
data into the decoder. Figure 12 shows a simple 8 bit
serial to parallel converter allowing easy interfacing asyn. Interfacing to an 8 bit microprocessor is accomplished
chronously to system requirng the 8 bit parallel format. neatly using the previously described circuits as shown in M
During sync, data is being updated, therefore the sync Figure 14.
output can be used as a data ready output. A single ICai
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C4 Analog Demultiplexing of the Decoder

i Some applications may require the use of a single decoder form the D to A conversion upon receiving data from the

a to decode more than one channel of information. If this is central control station.

N so. it is necessary to insert a dummy sync pulse between the
two channel syncs to reduce crosstalk. At the time of Advantages realized in a servo control loop employing the
dummy pulse the digital data should remain at all "1"s use of the DF331/332 include:
condition. Figure 15 shows the basics of such a circuit
along with required waveforms. I. Digtal data transmission from and to remote sites.

2. 12 bit resolution with 8 bits of data when resolving error
Servo Control Systems voltages,

3. Wide dynamic range of coder and decoder allow wider

Servo control loops offer an interesting application area in breadth of feedback voltages and integrator input
Z which the DF331/332 can prove useful. Since digital infor- voltages.

mation is nearly immune to environmental noise, it is 4. Use of the MPU to change response characteristics of
advantageous to convert to digital before transmitting data the loop based on inputs from feedback as well as exter-
from a remote location to a control center. Figure 16 shows nal sources.
a microprocessor based servo loop and locations of the
DF331/332 ICs within the loop. In this case the summer, to This basic configuration could prove useful in many appli-
determine an error voltage, and the-DF331 form the A to cations where varying loop response characteristics is
D section of the remote station. The DF332 plus integrator desirable to accommodate varying situations.
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PeripbsueI Citewbt

Circuits which may prove useful when evaluating the eously. In most applications outside of telecommunica-
CODEC set are the ±7.5 V and ±3.0 V regulator circuits tions where signal to distortion ratio requirements are lessL
shown ini Figures 17A and 178. In general, the ±7.5 V stringent, simple three terminal regulators may be used

suplie shuldbe f a10% tolerance nature. Reference in developing supply voltages.
supplies should be matched so one another to within I%.
Absolute value of the references and changes of the absolute References may be supplied by using the resistor - constant
values will be reflected by a gain change. The regulator current diode configuration shown in Figure 18.
shown in usable for powering 24 CODEC channels simultasi-
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C4 Sync generation can be accomplished by using the circuit voltages between the analog ground and the digital ground.
in Figure 19. This is basically a divide by 24 of the clock AC coupling the analog ground to the digital gound allows
input. The R/S flip-flop comprised of C2 synchronizes biasing of the analog ground by the 10K pot, This approach
the sync edges to the rising edge of CK. The D flip-flop maintains analog input impedance and adds no degrading
following the R/S flip-flop delays the sync to the DF331 effects to the signal to be processed or the coder itself.

_a by a half clock. Thus, the proper sync/clock phase relation-
ships are established for both coder and decoder. It is also CONCLUSIONS
possible to create additional sync pulses by shifting the
previously generated syncs through a shift register being It's quite apparent that the information presented herein is
clocked by the system clock and clock, generally an overview of the DF331/332. Applications not

covered include audio delay lines, audio reverberation
Offset Voltage Adjustment circuits, remote data acquisition and transmission and many

others. The DF331/332 offers advantages over other
Some applications may require zero input offset to be CODEC circuits being presently manufactured by allowing
present at the coder. While the input offset of the coder system designers a new breadth in designs which reduce
is small (< 5 mV), the remaining offset can be zeroed out component count, cost and general system complexity
using the circuit of Figure 20. It is possible to inject small while improving important system parameters.
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Design Aid to Build a CODEC
Evaluation Demonstrator with I

the DF331/DF332/DF334 -

INTRODUCTION

The Siiconix CODEC (DF331/332) requires few external elements. The t3.0 volt voltage references are achieved
components to achieve per channel digital encoding of by running a 430 1A current from a constant current
telephone voice signals. This design aid details the design diode (CR043) through a resistor with a trim pot for
and evaluation of a lab demonstrator for the CODEC set. fine adjustment of the reference voltage. The references
Included in the demonstrator are the voltage references are bypassed with a 10 pF tantalum capacitor to supply
and the synchronization circuitry which is necessary to the peak current (up to 2.0 mA) required by the CODEC
encode and decode a single voice channel. The encoded during sampling.The digital output of the encoder (DF33 1),
output of the DF331 encoder is simply applied to the being an N-channel open drain output, requires a lK Q c
digital input of the decoder. This allows an easy functional pull-up resistor.
test as well as characterization of a CODEC pair. -u i

The analog and digital grounds are pinned-out separately
Figure I shows the schematic details of the encoder and on the CODEC, and should be tied together at the power ,
decoder with the voltage references and supply bypass supply ground. 0
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Figure 2 shows the clock and sync generation circuitry tionship between the sync, clock and digital data uutpu:
which provides tliming for the CODEC. The clock is a basic of the encoder.
3.gate CMOS clock with RC values set to achieve an
approximately 1.5 MHz clock rate The sync generator The sync waveform to the decoder (DF332 or DF3341 s
esentially divides the clock by 193 to provide a sync pulse advanced by one-half of a clock period to allow for propa.
which is eight clock periods wide and is applied at an 8 kHz gation delays which occur in the CMOS sync generator
rate. (Note that 1.544 MHz divided by 193 equals 8 kHz.) Without advancing the DF332 sync, it is possible to lose
Figure 3 shows the relationship between the various wave- the most significant bit in each data word, which results
forms generated by the sync circuitry, as well as the rela- in a loss of the sign bit in transmission.
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Evaluation

This demonstrator allows simple evaluation of the CODEC will function with references as low as ±2.0 volts and as
set. A ±7.5 V (± 10%) lab supply is applied to the CODEC high as ±4.0 volts. Lowering the absolute value of the ,
and sync circuitry. Analog and digital grounds should be references compromises system dynamic range while

kept separate until meeting at the power supply ground to raising the absolute value of the references increases the
avoid ground loops in the analog portions of the board, harmonic distortion of the system.
Voltage references should be adjusted to ±3.0 volts. Mis-
matched voltage references will cause asymmetric wave-
forms, giving rise to harmonic distortion. References should Timing of the CODEC System
match to within 0.1 volts.

The CODEC system timing is controlled by the sync pulse
To look at the digital bit stream, the oscilloscope should Figure 4 shows the encoder (DF331) timing relationship
be synchronized to the sync pulse of the DF331. The between the sync pulse, the analog sampling time. conver-
encoder output is seen at pin 14 of the DF331. Applying sion time and encoded serial digital output. As shown, the
a slowly varying DC level to the analog input of the encoder rising edge of the sync pulse starts the serial output of
allows observation of the changing data stream. The corre- data, starting with the MSB of the 8 bit code (the sign
sponding analog voltage levels should appear at the decoder bit). This rising edge of the sync pulse also starts a 24 clock
(DF332) output. countdown for sampling of the analog signal input (the

sampling starts immediately after the previous conversion is
For evaluation of voice or music signals, an anti-aliasing completed). At the end of these 24 clocks, the analog
filter must precede the analog input and a filter which sampling is completed and the conversion cycle begins.
compensates for the sampling frequency characteristics 168 clock pulses after the sync rising edge. the conversion
must follow the decoder output. These fdters should cut will be completed and the internal registers will have
off before 4 kHz, which is one half of the sampling fre- the encoded data ready for output. The Encoder (DF331) C
quency. They are typically 5th order elliptic low pass will now go to the analog input sampling state until the n

filters, next sync pulse. At the rising edge of the next sync pulse. -
the digital encoded data will be serially shifted out on the

The maximum peak signal swing through the CODEC is output pin. The sampling conversion process for the next
equal to the value of the voltage references. The CODEC analog input starts again.

1 2 3 4 6 4 7 1 S 10 11 23 24 25 I14 IUR 16
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PC BOA RD FOIL PA TTERN (Conrtd)

CD

Fail PaeWriloutom Oft of Soard

PARTS LIST

DEVICE VALUE SUGGESTED MANUFACTURERa

RI. RZ 3 )KQ 1: 4 Will i; Tolerance iklrk3

* R3. R4. R6.R7 50 t21 4 Waiit Tolerance AIlcei-Iiadle%

R5 I K il 1/4 Wait 5'; T,kIrasce AlIkrl-Illadle%

R8. RIO 56K S1 114 Wait 51; Tr~ceanice Nlkrr-Bl". -
R9. RII 1.5KflQ ' ( TS (X'0 1 S c I

CI 30 pF Disc Mylar Capacitor spasiic

C2 C7 0.01 maF Disc Ceramic. Capaciltors spigue i

C8CCl 20 ;aF " 25 WV Elctrolytic CapacitorSpau

C12. Ct3 10 lAF ta25 WV Electrolytic Capactor Sprague

DI. D2 CR043 (Current Regulatoir Diusle) Slicittix

IC 1. IC6 74(04 (Hex Inverter) Nationtal

1C2 74C74 I Dual D FlIp'FPolIN11,

1(3. IC4 74C 103 1 Biniary (isliteoIN
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IC7 DF331 fCODFC Ericoder

1(11 DF332 or DF334 (CODEC Decuder) I

Misc 26r Gaulle Wire, BINC Conecrirs. IC Stcket%. Noiigtsiilaied
Banana Jacks. Stand Oft%. PC Board

CONSTRUCTION HINTS

The printed circuit layout included is for a double sided to adjust the references to t3.0 volts. The digital bit stream
board. Foil patterns are shown with the foil side facing the may be viewed by triggering an oscilloscope on the DF331I
reader. The stuffing diagram is viewed from the component sync pulse and connecting the data monitor output to the
side. scope input. The demonstrator may be clocked by an ex-

ternally generated clock if desired. Connect jumper J2
OPERA TION (only) for external clocking; Connect JI (only) to use the

internal clock.
The potentiometer R9 adjusts the negative reference voltage
and R I I adjusts the positive reference voltage. Use a DV M
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Considerations for the Proper
Filtering of Analog Signals in

DF33 1 /DF332/DF334 CODEC
Converter Applications

Wait Heinzer

INTRODUCTION

The practical use of CODEC's in telecommunications and "If a signal (voice, audio) that is bandlimited is sampled at
audio systems requires two low pass filters, the transmit regular intervals and at a rate at least twice the highest
and receive (Figure 1). The transmit filter in telecommunica. frequency in the band, then the samples contain all of the
tions nomenclature performs the anti-abiasing (frequency information of the original signal".
folding) function. The receive* filter smooths the discrete
sample voltages of the regenerated audio (voice) signal. When the CODEC's (DF33 l/DF332/DF334) are used in

telecommunications systems the sampling frequency (ff) is
In order to understand the filtering requirements of the set at 8 kHz. This implies that the maximum voice signal is
CODEC A/D-D/A system, a statement of the sampling limited to 4 kHz. The transmit filter is necessary to limit
theorem is in order: the input voice signal. For she 8-bit companding converter

*Somnotimes calledt intesolatio fiter in telecommunications nomenclature.
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approach, 14 dB of attenuation at 1/2 the sampling fre- Some of the more important specs are listed in Table I C
quency, reduces frequency folding (Figure 2). However, a which is excerpted from -D3 Channel Bank Compatibility
guardband is introduced on the voice signal typically Specification- Issue 3" Oct. 1977 [41 .

resulting in a maximum usable frequency of 3.5 kHz The
receive filter smooths the discrete voltage samples of the For audio and transducer applications it is important to
regenerated signal. At the same time this filter corrects the consider sufficient filtering to avoid frequency folding and

sin x/x* frequency response introduced by the CODEC gain errors due to the sampling theorem. 'As a rule ofI sampling system back to a flat bandpass by applying an thumb the passband of the transmit filter should attenuate
x/sin x transfer characteristic (Figure 3). the input signal by at least 14 dB at 1/2 the sampling ,

frequency and by at least 30 dB at the sampling frequency- o
The exact specifications necessary for the transmit and Remember that the DF33 I/DF332/DF334 can be operated
receive filters are determined by the application. For the at clock frequencies up to 3.088 MHz which results in a
telecommunication industry the frequency and phase re- maximum sampling frequency (fs) of 16 kHz. This is useful
sponse characteristics are more precisely defined. D3 and for extended bandwidth applications. The same guidelines
D4 channel bank specifications define the overall voice-in, of filter attenuation apply at this sampling frequency.
PCM. voice-out frequency and gain response requirements.

In teiccommunications Is 8 kHz implies xs
8 kHz
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q thas been shown in AN77.4 that the bandwidth can be some of the major filter salient features on a comparison7
£3 increased by using multiple encoders (DF33l's) to achieve basis.

bandwidths approaching 8 kl~z (fseff - 16 kHz) and 16
kHz lfs~ff = 32 kHz). The filtering requiremenlts (Figure 4) Simple Filten; (Single Pole. Double Pole)

4C4 encoder case when the new effective sampling frequency These filters are realizable in R and C's with op amps or
'fsff is used. the traditional approach of L. R, and C's. Inductors are

avoided in low frequency applications due to size, cost,
and non-linearities. The frequency characteristics and

%. IMPLEMENTATION example implementations are shown in Figure 5. Note
that each pole contributes -20 dB/dlecade in roll-oft

E~Now that we have examined actual filter requirements- between the passband and stopband. When theme filters
what is the correct fluter implementation? There is no exact are used with the CODEC's they severely limit the usable
answer, however. it is worthwhile to look at a summary of flatband bandwidth.
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Hilsee Olduw Filters (3,d Ovdw mmd Hilftr) 3

Butterworths filter is considetted the maxinmally flat iter Zeros cause the lobes in the stopliand (Figure 6). This ap-
in the pass and stopband as shown in Figure 6. You are proach does meet the stringent requirements of a D3
giving up sharp cutoff frequency when using this imsple- channel bank in the telecommunications industry. Element
mentation compared to the next two approaches. This value tolerances are the most critical in elliptic filters. As
fiter has all zero's at infinity, a general rule, the more complex the fiter calculations "I

Cheychv flte trdesflanes inthepaiban fo shrp become, the tighter the required component tolerance.
wihb e all ter locefateds int Thisante apprc sa etruspecntuce hbrdcrut wt rcs
cutoff at fc, It can be shown that the Chebychev has theIw
steepest descent into the stopband of filters constructed The filter approaches listed are traditional approaches that, N.

used in the evaluation filter that follows, laser trimmed resistors. A monolithic integrated circuit is R
out of the question as a manufacturable approach using

Elliptic filters obtain the steepest slopes into the stopband traditional resistors, capacitors and inductors due to h
by positioning their response zeros near the pasband. The precision requirements and large component values.R
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EVALUATION FIL TER

In most applhictions outside of telecommunications the impedance (ability to drive capacitive loads) and wide
filter shown in Figure 7 will provide good performance in bandwidth.
interfacing the CODEC to different transducers (e.g. strain
gauges, audio pickups, accelerometers. etc.). The filter is a 5. The effective output impedance of this filte adequately
6th order multiple feedback filter whose design is outlined drives the input sampling current requirements of the
in reference [II It is an all-pole filter (zeros all at -) which DF331 encoder.
results in no lobes in the stopband

The gain and phase versus frequency response of the filter

The choice of this filter and components was made on the is shown in Figure 8. An HP3575A gain-phase meter was
following criteria, used for this measurement.

I The overall feedback from all three stages reduces the
sensitivity to component tolerance compared to the REFERENCES
2- .pole per stage cascaded approach.

I D. Johnson, Rapid Practical Designs of Active Filters,
The 6th order response results in -9 dB attenuation at Wiley 1975.
one-half fs and -45 dB attenuation at fs adequate for 2. Technical Staff Bell Telephone Laboratories, Trans-

• both the transmit and receive filter locations, mission Systems for Communications, fourth edition.
1971.

3 When this filter is used in the receive position (output 3 P. Geffe, Simplified Modern Filter Design, Hayden, New
of DF332) it does not compensate for the cutoff fre- York. 1964.
quency attenuation introduced by sampling (sin x/x 4. The D3 Channel Bank Compatibility Specification-Issue
effect) 3, Oct 1977. Technical Advisory No. 32 (This informa-

tion is assembled by AT&T for distribution to non-Bell
4 The choice of LF356 op amps was made for their high companies. It represents current plans and is subject to

input impedance (minimum circuit loading), low output subsequent change.)
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Designing with codecs:
know your A's and R's
Nonlinear coders/decoders, or codecs, require your familiarity
with framing, synchronization and signaling. Here's a brief intro.

Thomas I Mroz, Siliconix Inc

When designing telecommunications circuits Law that not only govern transter characteristics.
using nonlinear AID/A conversion, you'll choose but also define formats for framing, synchroniza-
from parts that conform to either the Bell tion and signaling.
Telephone-specified 1-255 Law or the CCITT Pulse-code modulation iPCM), the technique
(International Telegraph and Telephone Consult- channel banks employ to transmit and receive
alive Committee)-specified A Law, if you want to information, allows them to sample analog inputs
guarantee compatibility with other systems.
While the first sees wide usage in North America,
most of the world uses the second. These t ANALOG DI"TA

conventions govern the same basic operation- S-GNA TRN
analog signal expansion and compression-but I I---"G'11CB- --------------- -- '

differ in their data formats. The differences I AOJUST W

become apparent upon examination of channel-i

bank concepts. CMEN

Channel banks translate voices into bits I

Today's phone systems employ mazes of FOM MUX

switches and filters for both analog and digital CHANNELS"

signals. One small part of these complex net- OCAL jXC.ANGE
works, the channel bank, transforms analog voice L.. ..

signals at a local exchange into easily transmitted "L ------- I ,NLOG

digital signals. It's then easy to compress, trans- o DIGITAL

mit and repeat these digital signals in cable and TRdUNK

microwave transmissions. GA
I
- ------------------ -1

Circuits termed coders sample the analog voice ADJUST

signals generated by user phones, convert them I .] A

to digital bytes and shift them serially out of the ' FI-

channel bank. On the receiving end, decoders
accept these bytes and recreate the analog voice I
signals initially generated by the phone user. The T OT."'

term codec applies to a complete coder/decoder CHANNELS

I/DIA) set. I LOCALEXCMANGE

Channel banks, located in telephone-company "----- --.--------------- J

central offices, use codecs to handle many
phones, encoding analog voice sig.4als into serial
data streams for transmission to various receiving Fardiulllm - PCMi use just one high-perlormance data

banks. One bank can also decode incoming calls convert, in the transmitter cat or receiver (b. Multiplexers
and redistribute analog voice signals to user make these converters available to &ll the channels the

exchange handles. In these diagrams, a hybrid is a device that
phones (Fig 1). Both codecs and channel banks converts 2-wire phone signals to 4-wire signals, thus eliminat-
follow specifications in the 1L-255 Law or the A ing crosstalk between incoming and outgoing data.

141



Pir4

=fil
taWit

C4 UMONPT(I tE1::::
0 -

Fig~~~~~~~~~~ 1-Th 1.U 1a trme hatnalafrcdr )ai
decdes b)cosis o pecwie lner ppnsmason o te3

deiedcre.1t ta wodgt11aue1orepn t h
or 0nbcueth inbtcnhaeete au at 1eo Ni iiTL P

atafxd0aead hnprfr nAD ovr lvla esnseaigsftyit apoei

'p ~ ~ ~ ~ ,01 2in ta unie h apeit n8bt nal sitliil ssmoesekn ody
R eitc ~g ,3 anti eaieycntn

sinpu-antd wod0Tu1cdcsae1eme omadigAII

a V -2 - - - -

si3ilil -~ La i 1mlrhrcteldsocdr (a and - - -

d oes()ci st of -ic s liea aprxmain of the

desid cuve Not thttodgtlvle- orsodth
0 iilbui se h inbtcnhv ihrvau tzr.I IIA W

ata ie rat an hnpromalADcne- lvla esnsekn ofl noapoei

sinpuO-mii it--------- word.- -Thu -o ar teme - o pn n -- - - - - -

Coder an deoe nolna trnse charac- - converter- - - -

01151G

0101111- - - -

-, :..91A- - - -

9U5900.99 I::::jxb9

=0161eA611 ruue maaldi o cdr tlad --
deods10 eue h ume f hrsreurd ni-1S:
Law I cu -e b -main chrd ner7eo-gnclnar oe
tha1110 vauslse nprnhse r h orsodn i-S ii3.iil
Lawfvlues

-3 -2 0142



compressing characteristics (Fig 4). Fig 5 illus-
trates the ability of nonlinear converters to
maintain lixed SID ratios over wide dynamic
ranges.

Actual devices such as codecs approximate a
these equations in piecewise linear 'ashion. The

8-bit digital code has a sign bit, three bits for
chord selection and four bits for step selection
within the chord. Thus the 11-255 Law uses a
15-segment approximation (16 segments it you

S,.OCOMPASIuONI break the line through the origin in halt). The A
Law, on the other hand, combines the two 1-255
Law chords centered about the origin: makmg
them colinear reduces the number of chords
needed. Thus the A Law employs a 13-segment

0 c urve.
NORMALUZD INPUT SIGNAL., These differences in chord count reflect con-

version conventions in the first step about the
Fig 4-Loanithic compression characteristi orthe t L-2 origin. (Fig 6). The p.-255 Law indicates that an
Law equation show thai u =0 corresponds io linear operalon; analog input voltage relating to a digital output ot
large p, values provide increased compression zero should be half as large as the analog input

span related to the next digital step-called a
midstep condition with a silent interval. The A

AID and D/A conversions. The equation Law requires no silent interval and employs a

In (I + ;L lxi mid-riser condition where the origin represents 0
Flxi = Sgn (xi In ( + an indeterminate ibistate) digital output. But once

past these first several chord segments, the two
defines the .-255 Law iwhere f.=255). A coder's laws are identical. C
AID converter approximates this equation, while Channel banks can use different circuit contig- 2
a decoder approximates the equation's inverse. urations to accomplish the same task. In the past. RA

Two important equations apply to the A Law: one A/D/A set encoded many voice channels. a
I + logic A lxi requiring analog multiplexing ot these channels, L

F(x= Sgn xi lo 0  r l Ixi s I along with a high-speed codec. Multiplexing atter 0
1 Iogo A A- the AID conversion could greatly reduce channel 3

A lxi for 0 1 Jxj ! crosstalk, and per-channel codecs such as the W
F~) = Sgn lx) 1 + log,0 A f - A Siliconix DF331/332 make this type of system easy -

to construct. Although implemented with CMOS,
where A=87.6. DF331/332's have NMOS open-drain digital out-

Examining the p.-25 5 
Law equation, you can see puts. Thus, while the per-channel approach

that p.=0 represents a linear conversion; increas- eliminates the need for an analog ,MUX, open-
ing la increases the converter's nonlinearity or drain outputs tied together eliminate the need for

a digital MUX (Fig 7). These two factors, eliminat-
ing crosstalk problems and analog multiplexers,

3 have stimulated much interest in per-channel
codecs within the telecommunications industry.

Frame formals structure multiplexed data
Multiplexing many analog voice channels after

conversion into one serial data stream requires a
method for synchronizing transmitters and re-
ceivers, so that channel banks can transmit digital
information in a frame format. Under the l.-255

0 -- Law, a frame consists of 24 channels or 24 bytes of~SO -so -40 ,-0 -20 -1Io
iNPUT SiNEWAVE POWER (doRELATIVETO FULL LOAD SilNUSOIDi digital information (Fig Ma), with one data bit

dedicated as a framing bit-a definition resulting

Fig 5 ist e pee nsit oa lmm c.- in a total of 193 bits/frame. The g- 2 5 5 
Law

padlln remains airly linear for low-power signatl indepem- specifies that these data bits be transmitted at
dent of the value of I 1 .544M bps.
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m J new-design channel banks uses Inespensive IC coders for
'J each channel and multipleses digttal signals ror cable trans-

fiSSl~fl This technique, slmpler and cheaper to Implement

) than analog multiplesing. also elimates analog samplingLODIT crosstalk.

INPUT

that reside on the coder and decoder Because
Fig It4 you eiamin. the lieul step ol ..-255 Law tat and A Law
tb) coder transler characteristics you'li see an Important channel-bank transmission-tine lengths vary. re-
ditterence: the e.-

25
S Law experiences a midutep condition ceived data looks asynchronous. Theretore you

with a silent interval while the A Law sees a tmtd-rilser must derive clock and sync signals tar the
condition. Output coding dilerences reliect this discrepancy. r'eceiving channel bank trom the incoming data.

New wt25 5 Law coder designs must also
The A Law also employs a framing concept, but accommodate signaling capability. Signaling in-

with a data-transmission rate of 2.048M bps, thus formation lets the transmitting and receiving
allowing enough time to transmit 32 8-bit words banks communicate intormation such as alarms.
for each frame. Another difference: The A Law off hook and on hook, and it checks to ensure
doesn't generate a framing bit as in t.-255 Law thai the banks operate in sync.
channel-bank systems; rather, it dedicates a Under the ±-255 law, every situth trame be-
complete channel time slot to framing (Fig 81b). comes a signaling trame: thus the eighth bit at

Although a frame equals the time required to every channel carries signaling intormation pre.
transmit one byte of data for each channel, still sented at that channel. In other words, the bank
needed is a way to identify individual channels in performs 7-bit AID/A conversions durtng a signal-
the transmitted data stream. Previous designs ing frame, reserving the etghth bit-time slot for
synchronized the analog multiplexers in front of the signaling bit. By contrast, the Ak Law uses
the A/D in the transmitter to those on the reserved-channel signaling, which dedicates to
receiving end. New designs incorporating the signaling one entire channel out of the total 32 in
DF331/332 codec set in a per-channel configura- each frame. Thus, signaling frames don't exist as
tinn use sync pulses. These pulses, AN~ed with a n the i.-255 Law because signaling occurs in

clock, dump or load output or input shift registers every frame.
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When testing and evaluating channel-bank *4
pertormance, realize that it's only lair to simulate 1___25_SEC_ _

human limitations. You can accomplish this -,2 SE
objective by inserting a C-message tilter (Fig9l in 2 =. 3
front ot equipment used to test noise and L,
distortion in the complete A/D/A path. Such BI________

TS
____

filters simply simulate the human ear's frequency Ib 256BTS
response to noise; weighting during measure- -Mments guarantees that measured distortion levels ,2sSEC '
and noise relate directly to human ability to 1F.AMINGITi0i

understand phone conversations. F M ....G 2S 0

-- "i Cd j I J I "

The three most important codec specs seBTs
All new designs aimed at upgrading systems II I92BTS '

share a common goal: to meet or exceed existingspecifications Codecs face pressure on three
important specifications: S/D ratio, idle channel Fig il---Frae formah place channel data in preassigned time
noise and gain tracking. These specs will make or slaIs. The .-255 Law uses one framing bif eerv 24 btes (a)
brea new cckdein. Thesepr wlih each bvie corresponding to data from one channel TheA
break new codle( designs. Law format (b) ditates complete channels ior framing and

Because ot codec nonlinear conversion tech- signaling data
niques, the specifications generally appear as
functions of input power ranges. Signal-to-
distortion figures simply give the ratio of the prohibitive. Now, codecs ot the same quality are
signal power to the distortion power created by available at costs comparable to those ot other
quantization errors and internal noise IFig 10a). mass-produced integrated A/D converters. Appli- 0AThus, specs tor S/D ratio cover the following cations such as audio delay lines (digital formi,
input power ranges: portable communications using PCM. remote

P., =0 to -30 dBmO data acquisition and talking computers are be-- 30 to -40 dBmO coming realizable and less expensive to develop C
= -40 to -45 dBmO. and produce.

As a reference level, 0 dBm represents a 1 Because parts such as the present codec IC's
mW test tone, and the term dfmO refers to arose primarily to serve the communications 1
relative power at the input. As an example, industry, their quality and function in other
consider a transmission line with 3 dB loss to the applications are guaranteed: the telecommunica-
end point. You would refer to - 50 d8m of noise lions industry sets very high standards of accuracy
at the endpoint as -47 dBmO, and the line and reliability. The elimination of adjacent-
endpoint would be a -3 dBr point (relative to channel crosstalk through the per-channel codec
input). approach leads to major quality improvements in

Idle channel noise measures the noise power voice transmission over PCM communication
seen at the receiving end of the system with OV on links.
a transmitting channel's input. The last spec of
interest, gain tracking (Fig 10b), relates system
gain to input power level.

These specifications define a system spec and
imply that any new device intended to replace
portions of existing systems must exceed these a
ratings by a suitable margin. For S/D ratio, the
suitable term translates into several decibels; idle 2 -0
channel noise should be as low as possible, but V
certainly at least 5 dB better than system specs. 30 -

Codecs see a promising future 100 200 SOD '03 000 2OW 00

With the introduction of new codec IC's, a new FREOUBNCV 11,

world of application possibilities arises. In dis-
crete form, these system components formerly
required large areas and substantial investments Ftg'-C-mesagelrequencyweightingsmulales the response

of a Model 500 telephone and voice characterlstics of averagein design time, making the cost of incorporating phone subscribers when relating noise and distortion effectsthem into systems outside of telecommunications to vorce-signal intelligibilitv.
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Fig lO-Codec IC's must Meet performance standards in several important areas Minimum specs tor S/0 ratio (21 and gain
tracking (b) apply to both i.-

25 5 
Law and A Laws systems Note that %G represents svstem gain measured ironm the coder s input to

the decoder s output and also gives an analog ratio.

Additionally, codec nonlinearity, aspects otfer References
some interesting alternatives to linear converters. t. Bell Telephone Laboratories, Transmission Syrs-
The 8-bit data format covers a 72 dB dynamic ferns for Communications. Western Electric Co Inc,
range (equivalent to 12 bitsi and lets you easily 197-' ptgs 566-583

intefac inpts rom idedynaic-angenatral 2 International Telephone and Telegraph Corp.intefac inutsfromwid-dvam c- rngenatral Reference Dat or Radio Engineers. Howard INSams &phenomena, such as wind speeds or earth- CoIc '~~~ T
quakes. to popular 8-bit j.C's. In voice-synthesis 3. Jmerican Telephone and Telegraph, Data Comn-
applications, codecs give computers more realis- munications Using fhe Switched Telecommunications
tic votces. Addittnnal codec applications Will 4etWor. 1f70
result as design information increases. 0
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j CODEC/Filter Level and Noise Measurements

REFERENCE LEVELS

The overload level (full scale) for the CODEC is 3 V peak. All performance measurements are made with respect to this
3 V peak full scale level. For the D3 channel bank, the 0 dBmO test tone level is 3 d8 below the overload level. Since
3 d8 below 3 V peak is

3 V (0.707) = 2.12 V peak
or 2.12 (0.707) - 1.5 Vrms,

1.5 Vrms corresponds to 0 dBmO for the CODEC. Most instruments are calibrated in 600 2 but read voltage. Therefore,
a 0 dm (1 mW) meter reading will be given for an input voltage of

E =V/R = 10-- 3 (0.6) 103 =0.6 = 0.775 Vrms

When reading 1.5 Vrms, the meter will indicate
f1.5

20 log 0'5 = 20 log (1.935) = 20 (0.287) = +5.74 dam

Therefore, to convert to dBmO. 5.74 dB must be subtracted from the meter reading. Alternately, a 5.74 d8 ast nuator
pad could be inserted in front of the meter to make it read directly in dBmO.

When using a generator with built-in meter which measures its generator output (such as the HP3551A), one cannot insert
a pad in front of the meter when it is in the send level measuring mode. To get the correct output level one must either
set the indicated generator output level 5.74 dB higher than the desired dBmO level or insert an amplifier which has 5.74 dB
voltage gain at the generator output. This will make the meter read directly in dBmO.

Since harmonic distortion, gain tracking and signal to quantizing noise ratio are a function of signal level, it is important
that the above correction factors are taken into account when signals are applied and measurements are taken. Also, noise
measurements in dBrnc must be converted to dBrncO by subtracting 5.74 dB from the dBrnc reading (unless the pad has
been inserted to make the meter read directly in dBrncO). Notice also that if there are any other voltage gains or losses
in the signal path, their effect on readings and signal levels into the CODEC must be taken into account

141979 S7ihcn,x .nooeete
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